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THE EFFECTS OF MUSCULAR WORK UPON THE 
EXCRETION OF ENDOGENOUS PURINES. By E. I. 
KENNAWAY, British Medical Association Research Scholar. 


(From the Lister Institute of Preventive Medicine.) 
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Tuts subject has been investigated bend in che course of 


Leathes’ work upon endogenous urie “acid, and the results obtained 


have been published in a paper by him and others d. The effects of a 
single period of unaccustomed exertipu Were shown in this paper by 
several examples. Briefly, these effects may be said to be (1) during 
the work, a great diminution in the outpiit ric acid, aud increase in 
that of the purine bases, (2) at or about the ~ ge of the period of work, 
a great and rapid rise in the excretion of uric atid, the output of purine 
bases remaining for a time at a high | levelf 37 subsequently, ape 
persistence of a large excretion of uric acid for as long as 48 h 
during this period, indications of a diurnal wave of the usual ee 
may be dectected. This series of changes can be followed in Fig. 1 
The investigations described in the present paper were undertaken 
to elucidate the conditions underlying some of these changes, © 


In accordance with prevalent ideas a8 to the metabolism of urio“ 


acid, the large output of this substance which follows muscular work 
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might be attributed to the flushing-out of an "smountiof it which Wund e 
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not otherwise have reached the urine, although present in the tissues 
whether exercise be or be not taken. On the other hand, greater 
activity of the processes leading to the formation of uric acid would 
explain the increased output; this explanation was put forward in the 
paper referred to above , and some of the experiments described in the 
present paper were designed to test its accuracy. With this object, 
attention was directed at Dr Leathes’ suggestion to the simultaneous 
effects of exercise and of salicylic acid upon the excretion of uric acid. 
The latter effect had been observed in the same person on a former 
occasion"). The results then obtained suggest that this action consists 
to a large extent in the elimination of urie acid actually present as such 
in the tissues, and is therefore of the same nature as the action 
assigned to muscular work by the first of the two theories mentioned 
above, but entirely different from that required by the second theory. 
It appeared then, that if the performance of muscular work were 
combined with the ingestion of salicylic acid, evidence would be 
obtained which would show whether these two agents increased the 
output of uric acid by the same or by different modes of action, and 
would therefore support either the one or the other of the two theories 
as to the effect of muscular work. 

In the second place, experiments were carried out to ascertain 
whether the changes in the excretion of purines observed during and 
after a period / unaccustomed exercise would be produced on sub- 
sequent occasions when the same amount of work was performed by the 
same mt or whether it were necessary that the exercise should 
emp!dy Ynuscles which had not for some time been used in this way or 
to this de The results obtained will be described before those of 
the experiment,in which salicylic acid was taken. Lastly, a more 
recent series @f observations as to the oxidation of purine compounds 
during musculat work is included in this paper. 

The first series. of experiments was made in July 1908, and was 
carried out upon the system employed previously”. 230 g. of bread 
and 750 oc, of milk were taken at 9 am., 2 p.m., and 7 p.m. from 
June 30th to July 26th. The urine was collected between four times 
ofthe day (9 am, 2 pm., 7 p.m. and midnight). On five of the days 
(July 6th, 12th, 15th, 18th and 20th) exercise was taken from 9.30 a.m. 
to 11.0 am.; the urine passed during this period, and that passed 


“during the next two and a half hours, were examined separately. On 


these days the first meal was not taken, 750 cc. of water being taken 
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WORK OW ENDOGENOUS PURINES. 3 


The effect of repetition of work. 


On four oceasions (July 6th, 12th, 15th, 18th) the same amount of 
work was performed (10 Ib. in each hand lifted from the floor to above 
the head 850 times in the course of two hours). The results obtained 
on July 12th are, owing to the action of the salicylic acid taken on that 
day, not directly comparable with those obtained on the other three 
occasions; it will be shown, however, that this experiment yields 
figures which conform to a certain progressive change to be observed in 
this series of four days of work. 

On the next day after the first performance of the work, severe 
stiffness was felt in the muscles of the back and in the hamstrings. 
After the next occasion (July 12th) no stiffness was felt until the 
second day following, and it was then ofily very slight. This great 
diminution in the stiffness, and its late appearance, when the work had 
been performed only once before, may have been connected with some 
action of the salicylic acid. After the third and fourth days of exercise, 


0 


Fig. 1. Exercise (frst occasion). July 6th. 


Continuous line. Uric Acid Nitrogen. Dotted line. Purine Base Nitrogen, — 
Abscisse represent time in hours. 
The base line indicates the normal rate of excretion during each of the portions of the 
indicated below. Ondinstes. represent mg. nitrogen per above or: Delog 

normal rate of the period. 
The duration of the exercise is represented thus . Me 
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practically no stiffness was present, and the work on these days was 
performed with hardly any sense of effort; one must conclude, therefore, 
that the muscles employed were by this time in a well trained 
condition. 


„ 15 
Vy ‘ Fig. 8. Exercise (third repetition). July 18th. 


‘The figures show that the disturbance of the normal rates of 

excretion is considerably greater on the first occasion (Fig. 1), than on 

, the third or fourth (Figs. 2 and 3, see also Table I). With repetition of 

thig-form of exercise, the increase of excretion of purine bases during 

dhe period of work is lessened. The diminution of the uric acid output 
* during the work is also lessened; while the development of a delay in 8 
the rise of urie acid excretion after the work, which rise on the first 1 
— took plage immediately, is especially noticeable. 3 
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| Fig. 2. Exercise (second repetition). July 15th. 
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TABLE I. 


_ U.N. Uric Acid Nitrogen. P. B. N. Purine Base Nitrogen, T. P. N. Total Purine Nitrogen. 


Rates of excretion in mg. per hour 


Period of work 
9.30 a.m, to 11.50 am. 11.30 a.m, to 2 p.m. 
UN. PBN TEN ON. PBN TPN. 
July 6th ... 139 776 OS 7886 1266 
July 12th, 2 grams acid 
taken at 9a.m. ~... . 748 1866 1406 289 # £1604 
July 15th ... 159 408 878 403 775 
July 18th ... 235 459 74 2 425 6°27 
July 20th ... 535 606 Lidl 540 827 
Averages of above figures (excluding 
July 12th) 280 S61 S41 899 9°33 
Average rates (9 a.m. to 2 p.m.) for 
16 normal days of the July 
series. 74. 20 9-46 
October 20th, without oxygen in- 
halation 307 474 71 636 8651 9°87 
October 28th, inhalation 
9.30 to 2 sas 496 439 985 696 2°15 9˙11 


July 6th, 12th, 15th, 18th, same form of exercise, 20th, new exercise. 


In Fig. 4 the amounts of the 24 and 48 hours output of uric acid 
corresponding to each occasion of exercise, are shown. The time is 
taken from 9 am. preceding the commencement of the work at 9.30. 


The figures given for July 12th, when salicylic acid was ‘taken, were 


obtained by subtracting from or adding to the observed outputs the 
amounts of uric acid above or below the normal average output, which, 


in an earlier experiment , were excreted by the same person in the two — 


periods of 24 hours after taking the same quautity of salicylic acid. 


On Nov. 25th, 1907, this dose caused in the following 24 the 


appearance in the urine of 115 mg. uric acid nitrogen more than the 
normal mean output, and in the second 24 hours 51 mg. less than that 
mean, The actual figures for the 24 hours dating from 9 a.m. on July 
12th and 13th respectively, viz. 294 and 101, became after making this 
correction 179 and 152, which are the figures taken for the construétion 


of Fig. 4. The observed and corrected amounts corresponding to duly _ 
12th, together with those which provided the correction, are shawn in 


Fig. 9. 


The amounts excreted upon the four consecutive occasions (July 6th,” 
12th, 15th, 18th), when the same exercise was taken, n „ 
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series (Fig. 4). It will be seen that the numbers given for the output 
of the second occasion, when salicylic acid was taken, have positions 
between the first and third members of the series, which favour the 
conclusion that, in obtaining these figures, the action of the drug was 
eliminated with some degree of accuracy. The amounts excreted in the 
period following the second and third repetitions of the work (July 15th 
and 18th) are considerably below the normal level, and are thus in 
marked contrast with the amounts excreted on the first and second 


400 — 


0 
100 — 
* Pig..4. Output of Uric Acid after Exercise, 


, ~~ Ordinates represent mg. uric acid nitrogen. 

Height of dotted lines above base line represents first 24 hours output. 

Height of continuous lines above base line represents first and second 24 hours 
output. 
mg. Average 24 hours output. 
7 mg. Average 48 hours output. 


12 The quantities for the two periods of 48 hours plheving the 

second and third repetitions are almost the same, while the output 
_ during the first 24 hours is considerably less on the later than on the 
eurſzer occasion, The tendency for the phase of high uric acid output 
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WORK ON ENDOGENOUS PURINES. 7 


illustrated; allusion was made to this tendency in speaking of the 
hourly rates of excretion. 

The results of this part of the investigation showed, therefore, that 
the performance of a constant amount of work does not produce constant 
alterations in the rates of excretion of purines. The changes observed 
on the first occasion over short periods showed, as the work was repeated, 
a progressive decrease, and the greatly increased excretion of uric acid 
present on the days following the first two periods of work was replaced 
on the two subsequent occasions by an output which is considerably 
subnormal. One naturally attributed these diminutions in effect on 
repetition of the same kind and amount of work to training of the 
particular muscles employed. Accordingly, two forms of exercise of an 
entirely different kind, employing fresh combinations of muscles, were 
taken (July 20th and 24th). 

On July 20th, the exercise consisted in raising the body 650 times 
from the lying to the sitting position, a movement brought about chiefly 
by the muscles of the abdominal wall, which had taken no part in the 
previous form of exercise. This was varied by raising the body from the 
prone position until supported on the hands and toes, thus bringing the 
pectoral muscles into play. In addition, various mevements employing 
the biceps, deltoid, and pectoral muscles were performed with 10 lb. 
dumb-bells. The duration of the work was the same as on the preceding 
occasions (9.30 to 11.30 a. m.). During the next two days, severe stiffness 
was felt in the muscles mentioned above, which had been quite unaffected 
by the former mode of exercise, after which stiffness was felt in the back 
and legs only. 

The results obtained are shown in Fig. 5. The dimipution of uric 
acid output during the work is even less marked than it was during the 
last repetition of the previous form of work (Fig. 8). The excretion of 
purine bases, however, shows an increase during and immediately after 
the period of work which is considerably greater than that seen on 
the two preceding occasions (Figs. 2 and 3, see also Table I). | 

This new form of exercise was employed in order to ascertain whether 
the activity of a fresh set of untrained muscles would reproduce the 
changes observed on the first oceasion when the previous form of exercise 


was taken. 
erent 


output of uric acid which took place on the first occasion of 
absent after the later period of work of the same duration but of 
character. If, however, the results of this new ſorm of work be comp 
with those yielded by the * 
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2 and 3), it is seen that the new form (1) is accompanied by a greater 
excretion of purine bases, (2) is followed by an immediate rise of the uric 
acid output to the normal level, with a subsequent maintenance above this 
level, no prolonged period of low output being present, and (3) produced 
during the next 48 hours a much greater output of uric acid (Fig. 4), 
though this amount is still somewhat below the normal level. The 
results of the activity of these untrained muscles show, therefore, no 
continuance of that progressive diminution in effect which was the result 
of repetition of one mode of exercise. On the contrary, there is a distinct 
tendency to reproduce the type of change observed on the first occasion 
of work; the defect in this resemblance is one of degree rather than of 
kind. A possible explanation of the fact, that this reproduction of the 
original effects is not more perfect, will be suggested later on (see 
p. 18). | 


| r j 
9-30 101 7 12 2 12 
JULY 2 1 2 


Fig. 5. New exercise (first occasion). July 20th. 

Continuous line. Urie Acid Nitrogen. Dotted line. Purine Base Nitrogen. 

Abscisse represent time in hours. 

: The base line indicates the normal rate of excretion during each of the portions of 
the day indicated below. Ordinates represent mg. nitrogen per hour above or below 
the normal rate of the period. 

The duration of the exercise is represented thus . 


The second new form of exercise was taken on July 24th, and 
consisted of a walk of 28 miles lasting about nine hours (Fig. 6). No 
‘stiffness was felt subsequently. The output of uric acid rose above the 
normal level during the second half of the walk, and was still above it 
nesziy 48 hours later, when the whole series of analyses was brought to 


. 4 an end. The day of the walk was a very hot one; this condition would 


* 


tend. lower the N of urie acid, as was shown in the previous 

paper w. The amount of purine bases excreted was less than normal both 
2 after the walk: this lowered output was present throughout 
the four days of the series (see protocol I, July 22nd to 26th). This 
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exercise was of course much less severe and more prolonged than that 
taken on the preceding occasions. It is obvious then, that its results 
cannot be expected to present any of the details observed on the first 
occasion, It was thought, however, that resort to this entirely new form 
of exercise, which involved a longer intermission in the routine of 
laboratory work, would give a result of some value. This’ expectation 
was completely justified, in that the exercise was accompanied and 
followed by a notable increase in the output of uric acid, the full duration 
of which was not observed. The output for the 48 hours from the 
commencement of the walk (321 mg. uric acid nitrogen) is but little 
lower than that calculated to result from the second performance of the 
original form of work (332 mg.), the normal output for this period being 
268 mg. (Fig. 4). This new form of exercise produced an effect, there- 
fore, which resembled in quantity that seen on the earlier occasions, and 
such resemblance is all that could be expected. 


. 


Fig. 6. New exercise (second occasion). Walking. July 24th. 


Continuous line. Uric Acid Nitrogen. Dotted line. Purine Base Nitrogen. _ 

Abscisss represent time in hours. 

the day indicated below. FFW 
the normal rate of the period. 2 

Tus duration of the exercise is represented thus Gi. 1 


The result, therefore, of the first of the tests to which the theories 
referred to at the beginning of this paper were submitted, is favourable 
to the first of these in so far as the repetition of muscular work of the 
same kind and amount appears to do away withthe effect observed 
during the 48 hours including and following the work on the first afid to 

a less degree on the second ggcasion on which it was done; on thé third 


and fourth occasions the net effect on the output of.uric acid guring ~ 


this period is a definite diminution (Fig. 4). The fact that the later’ 
occasions on which the work was done were not followed by any 
increased output of uric acid. youm, | in the terug ‘of the first theory 5 
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question, appear to signify that the accumulated stock of uric acid was 
exhausted by the effects of the exercise on the first two occasions, But 
if that were so neither should work of a different kind be expected, 
to bring to light evidence of any persisting accumulation. The first of 
the theories here examined is, that it is not the activity of the muscles 
themselves which produces uric acid, but other activities accompanying 
that of the muscles which sweep out uric acid from the body generally. 
The fact that a new set of muscles is brought into play by a change of 
work can then make no difference to the output if the accumulated 
stock is exhausted. As the experiments show, the changed exercises on 
July 20th gave a result which might be interpreted as due to the 
exhaustion of the accumulated stock (251 mg. uric acid nitrogen in 48 
hours, average 268). But on the other hand the walk on the 24th 
caused an output in the 48 hour period of more than 50 mg. of uric acid 
nitrogen above the average. Considered therefore merely in relation to 
the first of the two theories which the experiments were planned to test, 
the effect of repetition of muscular activity presents features which are 
unfavourable, as well as others that may appear to be favourable, to the 
theory. 

It has been suggested that exercise is followed by an increased 
output of uric acid. such as was observed in the experiments recorded in 
the earlier paper”, Only if the exertions be so severe as to produce actual 
disintegration of tissue, and that this increase cannot therefore be 

attributed to heightened activity of the normal processes leading to the 
formation of uric acid, This objection might be entertained if such 
* results were obtainable only after exercise such as is afforded by the use 
of heavy dumb-bells. But it cannot be admitted that a walk of 28 miles 
which is allowed to occupy nine hours and is followed by no stiffness 
produces anything which can be described as disintegration of tissue, if 
this term is to denote an effect of the nature of an injury. The subject 
* of these experiments has always noticed that prolonged walking produces 
nod or but very slight stiffness, even when no walks of more than a few 
miles ſength have been taken for some months previously. It is evident 
therefore that the large excretion of uric acid which followed the walk 


taken on July 24th (Figs. 4 and 6) cannot be ascribed to excessive use 
of the muscles. 
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The simultaneous effects of muscular work and of 
salicylic acid. 
The effect of salicylic acid upon the excretion of endogenous uric 
_ acid in the person who was the subject of these experiments was observed 
in the course of an earlier series (Fig. 7). On Nov. 25th, 1907, 4 grams 
of the acid neutralised with soda were taken at 7.30 p.m. During the 
first 24 hours following the dose the output of urie acid nitrogen was 
115 mg. ‘above the normal amount, and during the second 24 hours 
51 mg. below the normal. The net effect in the 48 hours was therefore 
an increase in the output amounting to 64 mg. Thus the greatly 
increased output during the 24 hours following a dose of salicylic acid 


77 


i 
7 


Fig. 7. Salicylic acid. 
g. 4 grams salicylic acid taken. 
Abscisse represent time in hours. 
The base line indicates the normal rate of exeretion of Urie during 
each of the portions of the day indicated below. Ordinates represent mg. nitrogen 
per hour above or below the normal rate of the period. 


is succeeded by a striking diminution in the output during the second 
24 hours (Fig. 9), whereas in the ordinary effect of muscular activity 
no such diminution is noted (Fig. 1). If the normal output of aes 
is correctly represented as the overflow from a stock of this g 
accumulating in the system, then a sudden rise in the output caused we n 
a temporary lowering of the level of the overflow mechanism would ber 
followed by just such a diminished output as a result of the return of 
the mechanism to its normal 1 ei The results of this 
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experiment are therefore compatible with the idea that salicylic acid 
causes the excretion of an amount of uric acid which is present as such 
in the body, and does not cause any increase in the formation of this 


On July 12th, 2 grams of salicylic acid neutralised with soda were 
taken at 9 a.m. and this dose was repeated at 2p.m. Between 9.30 and 
11.30 a m., the same work (see p. 3) was performed as on three other 
days (July 6th, 15th, 18th). During the second hour of work, con- 
siderable lassitude was felt, quite distinct from any fatigue due to the 
exertion. This feeling became extreme during the next féw hours, and 


was noticeable throughout the next day. The 
effect of the salicylic acid is already evident 
(Fig. 8) during the period of work, the 
amount of uric acid excreted during this 
time being considerably greater than it would 
be in the absence of the drug's action (cf. 
Figs. 1 and 2). The output in the 24 hours 
from the beginning of the work was 294 mg. 
uric acid nitrogen, and in the second 24 
hours 101 mg. (Fig. 9). Supposing that 
the drug produced the same effect as on the 
earlier occasion when it was taken, we may 
subtract from the first of these figures 115, 
and add to the second 51. 


Fig. &. Exeréies (first repetition) and salicylic acid. July 12th. 


8. 2 grams salicylic acid taken. 
. Urie Acid Nitrogen. . Dotted line. Purine Base Nitrogen. 
Abscisse represent time in hours. 


The base line indicates 
the day indicated below, 
_ the normal rate of the 


th@jpormal rate of excretion during each of the portions of 
Ordinate represent mg. nitrogen per hour aboye or below 


Tue duration of the exegcise is represented thus EA. 
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The observed and the corrected outputs of the experiment of July 
12th are placed together in Fig. 9, together with the results of the earlier 
experiment which gave the data for the correction. The equality in 
height of two of the columns in this figure is accidental. As was 
pointed out earlier in this paper (see p. 6), this correction gives 
figures for the effect of muscular work on July 12th which conform to 
the progressive changes observable in the effects of the same amount of 
work on the four occasions on which it was done (Fig. 4); the figures so 
obtained, that is to say, are less than those for the previous occasion 
(July 6th) and more than those for the subsequent occasion (July 15th). 
The figures therefore seem to indicate that the effects of the salicylic 
acid and of the muscular work were brought about simultaneously, and 
without either of them being notably modified by the other. g 

The rates of excretion observed after administration of salicylic 
acid, in the absence of muscular work, suggests that this drug brings 
about the excretion of uric acid which would not otherwise have 
reached the urine, while there is no indication that it increases the 
processes of formation. If muscular work affected the uric acid output 
by the same mode of action, it is unlikely that these two agents could 
act, as they do, simultaneously without interference unless they affect 
two largely or wholly different sets of tissues. Since we have no 
evidence at all for such difference in the tissues affected, it is equally 
admissible to suppose that the modes of action of work and of salicylic 
acid are entirely different in nature. The result of this experiment is 
therefore quite compatible with the view that the increased excretion of 
uric acid which follows muscular work is due to the production of 
larger amounts of it. Moreover, the output of uric acid during the 
first 24 hours of this experiment was more than twice as large as that 
which ordinarily occurs within this time (Fig. 9); this increase is so 
great that it seems unlikely that the additional output can represent 
no more than the quantity of uric acid normally kept in stock in. the 
tissues. The most reasonable explanation of these figures seems to be, 
that a formation of uric acid, greater than that carried on under 
normal conditions, was in progress. Such imerease in the process 


of formation must have been due either to the exercise or to . 


salicylic acid, or to both of these. Since other experiments, déseribed_ 3 
in the earlier paper” and in the present one, have given ae 
of the formation of increased amounts of uric acid as a result 

exercise, and since salicylic acid has not been proved to have any such 


action, the increased production of uric * the 
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of this experiment may be assigned at least in part to the effect of the 
exereise. 
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. Fig. 9. Eiffect of Work and of Salicylic Acid upon Uric Acid output. 


.  Ofilimates represent mg. uric acid nitrogen. 
Vertical lines represent 48 hours output. 
Dotted portion first 24 hours. 


_ Continuous portion second 24 hours. 
“4 Horizontal lines represent average output. 
Dotted line, 24 hours (134 mg.). 
7 | Continuous line, 48 hours (268 mg.). 


July 12th, actual output. Work and salicylic acid. 
July 12th. Corrected pot. Work. 
November 25th. Salieylic acid. 


eccretion of purine bases during muscular work. 


The low output of uric acid during exercise would seem to be due 

r part to deficient oxidation of the precursors. The purine bases are 
At this time excreted in such amounts that the total purine content of 
Ahe urine may differ but little from what is normal (Table I). During 

* ork, therefore, there is an alteration i in the proportions of the more and 
less oxidised forms’ of a relatively constant amount of purine 


*. * one might well suppose * the proportion of the more 
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oxidised form is small, not because any of this sabstance is retained, 

but because the other demands upon the supply of oxygen are at this 

time too great to allow of the formation of larger amounts. The recent 
observations of Hill and Flack have given evidence that during 

severe muscular effort “ the use of oxygen and production of CO, are so 

rapid in the muscles that the circulation cannot keep pace with the 

demand.” The presence of lactic acid in the urine during exercise, 

which was demonstrated by Ryffel', might also be regarded as 
indicating the inadequacy of the supply of oxygen. If one considers 

the total purine excretion, the condition of the urine during muscular 

work does not yield the support which has been claimed for the 

opinion, that the low output of uric acid at this time is due to the 

diversion to the active muscles of blood from organs thought to be 
important sources of uric acid. To say merely that the output of uric 

acid is greatly diminished during muscular work is to obscure the 

evidence afforded by the urine at this time, which evidence shows that 

it is only the most oxidised purine compound which is diminished. If 

the view quoted above is to cover the observed facts, one must add to it 

some supposition to explain the sudden appearance in the urine of a 
quantity of purine bases greater than has been observed under any 

other conditions. The source of such an amount of purine bases may 

be located only in the active muscles, since. the other tissues are 
considered capable at this time of producing only much smaller amounts 

of the most nearly allied compound, This theory, then, leads one by 

a process of exclusion to conclude that muscles when active begin 

suddenly to produce large quantities of purines, since it has been 
supposed that the muscles are at other times comparatively*unim- ~ - 
portant sources of purines. It is unnecessary to assume that muscular 

work produces such a redistributiéi:of the sources of the urinary 

purines. During a period of work such as that of July 6th (Table I) 

much the greater part of the total purines of the urine, which in this 

case were scarcely subnormal in amount, must, in accorda@ace with the * 
consequences of the theory here examined, have been coming from me, 
muscles. It is surely not unreasonable to suppose that, at such a time, 

the purines excreted were coming to @large extent from they usual, 
sources, of which one of the most important is the muscles; the obvioug >. 
change which is present is an alteration in the proportions of * 2 
different forms of purines. The theory in question is adapted to explain® * 2°". 
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a degree of defect i in the total purine content of the urine which is not 
present in any of these experiments. 

No attempt is here made to contend that the rate of production of 
purines by the muscles is unaltered during voluntary activity; the 
increased purine base content of excited muscles was of course shown by 
Burian “. What is claimed is, firstly, that the source of a large portion 
of the purines excreted during exercise must, if one pursues the theory 
here examined, be placed definitely in the active muscles; and secondly, 
that there are not sufficient grounds for concluding that this capacity of 
the muscles becomes comparatively unimportant at other times. 

Since it appears that muscles during their activity can produce 
considerable amounts of purines, it is not necessary to suppose that 
during the next few hours they can produce such amounts only if they 
have suffered, as has been suggested “, actual disintegration of tissue. 

The large amount of purine bases excreted during exercise is of 
interest from another point of view. The diminished output of uric 

acid which accompanies exercise might be attributed to a difficulty in 
the excretion of this substance, such as has been supposed to occur 

under various conditions. If uric acid which was available for excretion 
had for this reason to be retained in the body at this time, it is 
unlikely that compounds so closely-allied to uric acid as are the purine 
bases could be excreted in considerable quantities. 

Some experiments may now be described which were designed to 
show whether the oxidation of purine bases during muscular work 
could be assisted by the inhalation of oxygen. Dr Leonard Hill had 
suggested that it would be of interest to ascertain whether the effects 

ol muscular work, exataples of which had been given in the earlier 
8 paper , would be altered if che supply of oxygen during the work were 
en and he was good enoughkto secure facilities for the perform- 
ance of experiments at the works of Messrs Siebe, Gorman and Co. 
The exercise was taken by wenns of an apparatus, constructed for 
2 rimenzs carried out under Dr Hill's direction”, in which a weight 
Wi Gis lifted 19} inches by the hands and one foot. For the 
— of the observations now to be described, a diet of bread, milk, 
eggs, cheese, butter, and ap was taken in approximately equal 
amounts daily from October to 3lst. The meals were taken at 
. 30 a.m., 2.30 p.m. aud 7.30 pm. The average daily output of nitrogen 
a ee found to be the Bame as it had been on the diet of bread and milk, 


ee 19°7 grams. The fitst ee was taken as usual on the days of 
bie. exercise, The times { * on 0 collection of urine, aud for the 
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exercise, were the same as those adopted in July (see p. 2). On the 
ninth day after the commencement of the diet (October 16th) work 
was performed while wearing the Fleuss-Siebe-Gorngan dress, designed 
for use in mines, which delivers two litres of oxygen per minute to the 
wearer, The weight was lifted 2612 times in the course of two hours. 
The amount of work done would have been considerably greater but 
for the fact that the heat of the oxygen inhaled produced during the 
second hour a good deal of discomfort and retehing; this defect in the 
apparatus is due to the heat evolved by the absorption of the carbon 
dioxide’. The inhalation of oxygen was continued for two and a half 
hours after the conclusion of the work. 

The results are shown in protocol II. The amount of uric acid 
excreted during the work was as small as it had been on previous 
occasions when vigorous exercise was taken (cf. Table I); it had been 
expected that the output would be higher, owing to increased oxidation 
of the purine bases. The output of purine bases during the work was 
remarkably low; no explanation of this can at present be offered. 
During the Nies following the work, while the inhalation of oxygen 
was continued, the output of bases rises considerably; it is probable’ 
that at this time the supply of oxygen was not.as ample as it should 
have been, owing to mismanagement of the apres, by the experi- 
menter. 

Four days later, on October 20th, wol was done Without-the use of 
oxygen. The dress, which weighs about 35 lbs., was carried but was 2 
not connected with the mouth. The weight was lifted 3400 times. 
An interval of seven days was then allowed, in order to eliminate as far 
as possible any improvement in the state of training of the mitiscles, 
which would have rendered a comparison pf the results obtained with 
and without the use of oxygen untgfiable.. On October 28th, oxygen 
was inhaled during the work and dur the next two and a half hours. 
The dress was modified under Dr HII direction in such a way 
the arrangement for absorption of carbon dioxide was hot utilised, be * 
expired gases passing out into the air; heating of the oxygen was thus „ 
avoided. Two 60 cubic foot cylinders ofsoxygen were used, one during 
the work and one after it. The weighgifras lifted 3400 W on * 9 
occasion when oxygen was not used. . 

The results obtained show (Table I) that with enden of ox 
the output of urie acid is slightly higher, and that of the purine b 

been added to the apparatus. wr 
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slightly lower, than bed been the case when oxygen was not used. 
The difference observed is therefore of the kind which would be 
expected, but is extremely small in amount. In spite of the inconclusive 
character of this result, it is difficult to avoid the conclusion that the 
alterations in the proportions of purine bases and uric acid in the urine 
during severe exertion are dependent upon the excessive demands made 
by the active tissues upon the oxygen supplied to the body. This 
inadequacy of the supply cannot be remedied more effectually than by 
the inhalation of pure oxygen, yet this proceeding affords one no 
2 over the purposes to which the additional oxygen will be 
applied. It may well be that, during muscular effort, one cannot 
introduce into the body an amount of oxygen which will do more than 
satisfy demands exceeding in urgency any requirement to oxidise 

purine compounds to the normal extent. 

The suggestions made above as to the oxidation of purines might be 
followed out in considering the series of observations made in July on 
the results of exercise. It has been shown that, with repetition of 
a certain amount of work, the alterations seen during the work in the 
proportions of the two forms of urinary purines are lessened, and the 
subsequent output ol uric acid becomes subnormal. This change 
might be attributed to an im provement in the processes of oxidation 
which convert the purine et into uric acid, and destroy the latter 
body; these processes perhaps become adapted to the adverse con- 
ditions prevailing during muscular work. This improvement might be 
‘such that, in the subsequent period, when the demands upon the supply 
af oxygen are smaller, the amount of uric acid which would otherwise 
* have been excreted as such, is encroached upon, and the output thus 
becomes subnormal. This increase in the power of oxidation would 
perhaps account for the fact, that the resort to a new form of exercise 
did not fully reproduce the, series of changes observed on the first 
oceagion, The two sets of untrained muscles presumably reacted to 
activity in the same way, but in the later case the evidences of this 

* reaction may have been to some extent neutralised by the more active 
aa processes. In this connection, the low output of purine bases 
* ‘ on the last few days of the series (see protocol I) is of interest. 
* Qne might of course urge with equal force that an increase in the 
c of oxidation should produce a progressive decrease in the uric 
1 fais output during perigds of exercise, owing to destruction of larger 
2 ee amounts of this compound ; and other such instances, where the 
: 4° = evidence i is equivocal, are readily found, The uric acid content of the 
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urine presents the net result of the processes of formation and destruction 
of this substance, which processes constitute a continuous series of 
oxidative changes. It is obvious that no theory as to the activity at 
any time of the whole series of changes can be either proved or dis- 
proved by appeal to such a net result, since the relative activity of the 
changes preceding and following the stage of uric acid is unknown. 


The diurnal variations in the excretion of endogenous purine bases. 

The averages given in the first protocol show that the output is 
lowest during the hours of sleep. During the morning it is considerably 
higher; during the afternoon it rises to a still higher level, contrasting 
in this respect with the excretion of urie acid. During the evening, 
the output falls to a greater extent than does that of the uric acid, and 
is at this time about the same as it is during the night. The averages 
given in the second protocol show that in this series the output was 
lower in the afternoon than in the morning; these averages are how- 
ever derived from a much smaller series of estimations. In an earlier 
series of observations" made on the same person, which was of longer 
duration than either of the two series here described, the output was 
distinetly higher in the afternoon than in the morning (see Table X in 
the paper here referred to). It will be erved that the changes under- 
gone by the purine base output in thé Bourse of the day are on the 
whole very similar throughout to those exhibited by the uric acid out- 
put ® (see averages in protocols). The fact that the ékeretion of purine 
bases is at its lowest during the night shows that the low rate of 
excretion of uric acid at this time cannot be attributed to lesssned 


oxidation of the bases 1 * 
é 
Phe te amo and of wi 
and purine bases, Sire 


If the figures given in the first protocol be examined, it Gs found 
that in a series of days or of portions of the day, the rate of excretion 
of uric acid is on an average greater chan the average rate when the... 
volume of urine is below the average volume and less than the . 
rate when the volume is above the average; while the excretion o 
bases varies in the opposite sense. In other words, the rate 
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In obtaining these averages, periods were excluded when the out- 
put of uric acid or of purine bases was markedly affected by exercise or 
_Ahe action of salicylic acid. The figures used were those which gave 
the normal averages set down in the protocol. The larger series of 
figures obtained in November 1907 during observations” on the same 
individual was also examined in thig way, and yielded a confirmatory 
result, with the exception that in one of the five periods, namely, that 
from 2 to 7 pm., the amount of uric acid was slightly greater when the 
volume of urine was greater. 
The small number of figures contained in protocol II has not been 


TABLE II. 
Relation between amounts of Urine, and of Uric Acid and Purine Bases. 
A. Average rates when volume above average. B. Average rates of all occasions. 


©. Average rates when volume below average. U.N. 8 
P. B. N. Purine Base Nitrogen: T. P. N. Total Purine Nitrogen. 


Rates in mg. 


July 1908. PBN. TPN. 

3°58 1-10 468 B 

3:66 1-07 48 0 

7°96 aes 10°14 A 

pam, Rates per hour 

days) 84 7°66 1°51 oo 

122 6˙10 2-638 A 

Rates per boar 6°64 281 895 B 

* 70 7°26 1:96 C 

5°79 1-18 eo7 A 

— 2 585 1010 6-95 B 

5°91 16% % 0 

1649 180 41 171 A 

1054 187 28 165 C 


a wees 2 Tue amount of the endogenous purine output. 


73 The figures for the average Output of endogenous purines observed in 
„he same person during three different periods are placed together in 

Table III. In obtaining these averages, days upon which the amounts 
excreted showed the effects of &xereise or the taking of drugs were excluded 
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as far as possible; the days omitted are stated in the protocols. The 
figures obtained for the amounts of purine bases in November 1907 
cannot be introduced into the comparison, owing to a difference in the 


method of estimation employed. 
TABLE IIL 
Average output in mg. Nitrogen 
25 — Purine Bases ‘Total Purines ~ 
i in per day 2 perday per day per day — 
4 I. November 1907, 24 days 49 188 180 — — — 
II. July 1908,18days 72 184 186 34 O47 168 282 
III. October 1908, 10 days 728 116 159 40 0666 164 2˙25 
Uric Purine Total 
Acid Bases Purines 
of figures giving the July 79 360 52 
above averages October 1388 247 483 
1 Coefficients of Variability 
of figures for every July, 24 days 28°9 880 22°4 
day of the series (October, 10 days 150 289 78 


The average amounts of uric acid excreted daily in the first and 
second periods are almost exactly the same; during the third period the 
amount is considerably less. The total purine putput, however, is but 
75 very slightly lower in the third period Wan it was in the Beeond (see 
KS also Fig. 10). These figures therefore confirm the observations 4 
i Burian and Schur”, which showed that the total amount of puri 

excreted by a person even at times separated by in of months is 
a remarkably constant quantity, which exhibits smaller variations han 
| the output of uric acid (oe pp. 293, 294 of the paper referred to . 

). It is obvious that the resg@lts ‘of. observations in the course of 
which the uric acid output alone id ined are inadmissibip in 
1 criticism of the statement made by Bus and Schur as to the total 
| purine output; the results of the July and October series brought 
forward here show how misleading the uric acid output migh® be 
were assumed to maintain a constant relation to that of the 0 
purines. The conclusion reached by 
only to the amounts “excreted in 24 “hour periods ; 
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See Davenport, pp. 16, 16. London, 1004. 
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of diurnal variations has therefore no bearing on the question. They 
state expressly that they affitm the total purine output to be approxi- 
mately constant only under uniform conditions of life (p. 303) and 
within certain wide limits of variation in diet (p. 336); the results 
obtained in July and October showed that a considerable difference in 
the uric acid output, with but very slight difference in that of the total 
purines, may be observed in two periods during which the conditions of 
life were closely similar, and on diets producing the same total excretion 
of nitrogen. 

Moreover, the total amount of purine compounds excreted upon 
successive days is relatively constant, If the coefficients of variability 
of the figures given in the two protocols for the days output of total 
purines and of uric acid be taken, it is found that the former figures 
exhibit the smaller deviations from their average (Table III). The high 
variability of the amount of purine bases excreted, as expressed by the 
coefficients, is of course due to the fact that while the absolute amount 
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8 . 10. 24 hours output of Purines. October 1908. 
Orqdinates represenz umg. nitrogen. 

zontal continuous line tepreserite average of these amounts. 
' Horizontal dotted line represents average 24 hours output of July series. 

‘ Upper three lines. Total Purine Nitrogen. 
Lower three lines. Uric Acid Nitrogen. 
Vertical nen. Times of exercise. 
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of these substances is always much smaller than that of the uric acid, 
they have, as it were, to fill up the variable amounts of uric acid to a 
more constant level of total purine output (see Fig. 10). The compara- 


consecutive periods is illustrated in Fig. 10, which shows the result of 
each day of the October experiment, together with the averages both 
of these figures and of those obtained in July. The latter average is 
based upon the figures for each day of the July experiment, with the 
exception of the day (July 12th) upon which the combined actions of 
muscular work and of salicylic acid produced an extremely large output 
of uric acid; it appeared that this average provided as satisfactory a 
comparison as could be made between two such series, the more normal 
days of which gave the averages compared i in Table III. An inspection 
of Fig. 10 shows that the total purine output varied less from day to 
day than did the uric acid output, while, of the averages obtained in 
July and October respectively, those of the total purines differ from 
each other less than do those of the uric acid. : 

The results brought forward in Table HI and Fig. 10 may be regarded 
as indicating that the subject of these experiments was in October 
capable of oxidising to the stage of uric acid a proportion of a certain 
amount of purine compounds smaller than that which could be so 
ovidised in July of the same year, To judge by the subjective evidence 
the general health during the later periéd, when the uric alsa output 
was lower, was distinctly better than during the earlier one, owing to th 
shorter duration of the experiment, the smaller amount of laboratory? 
work, the more attractive diet, and the cooler weather. 8 » 1. 
It appears, then, that a relstively constant amount of purine-vom- 
pounds is excreted, while the exten which these compounds undergo 
oxidation shows greater variations. These considerations emphasise the 
importance in investigations on pufitie bolism of analyses Which 
give figures for the output of purine h The value of such fi 
is still more evident when one considers that the purine base output 
varies from the average in a direction opposite to that . by the tric 88 
acid output (1) during muscular work, in many cases during the” : 
next few hours as well (see Table By, 2 vith changes in the — * 3 
urine (see Table II), * in some forms of * * Gt q 
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filtrate from the precipitate of ammonium urate which is obtained in 
the above method. The nitrogen content of the silver compound of 
the bases was found by the Kjeldahl method. This method of estimat- 
ing the purine bases was adopted, because the Camerer- Arnstein 
method, when applied to the total purines of urine, had given in an 
earlier series of observations results which in many cases were obviously 
too low. In some experiments which were made on this subject, it 
appeared that in this method the uric acid suffers a loss to which the 
purine bases are not liable. The Camerer-Arnstein method was 
therefore applied to the urine after the removal of the uric acid. To 
the figures thus obtained for the amounts of purine bases, a correction 
was applied corresponding to the amount of uric acid stated by * 
to escape precipitation. 
All estimations were nde in duplicate. 


SuMMARY. 


1. During unaccustomed muscular exercise, the output of uric acid 
is diminished, while that of the purine bases is increased; the total 
output of purine compounds does not differ greatly from the normal 
amount. Such exercise is followed by a greatly increased excretion of 
uric acid. ' 

2. Ife certain amount of & certain form of work be performed on 
a series of occasions, the changes observed show a progressive diminu- 
tion in amount. The increased excretion of uric acid which followed 
the exercise on the earlier occasions is replaced by a subnormal output; 

this alteration cannot be to any great extent due to the exhaustion of 


an accumulated stock of uric acid, since the resort to a new form of 


exercise, which employs different muscles, may be followed by the 
excretion of an amount considerably greater than is normal. The 
results of repetition of a singlé form of exercise, and of the substitution 
for it of a new form, are therefore not favourable to the theory that the 


increased exéretion of uric acid which follows exercise is due to the 


sweeping out of an amount of it which is present as such in the body, 

would otherwise have been retained there; these results indicate 

* Sather that exercise is followed by heightened activity of the processes 
which uric acid is produced. 

3. Sallieylic acid and muscular work can produce their characteristic 

effects zupon the output of uric acid simultaneously without any 

"apparent modification, and the amount excreted — these conditions 
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definite increase in these oxidative processes by inhalation of oxygen. 


that of the purine bases to vary directly, with the volume of urine. 
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is extremely large. These facts are most readily explained by supposing 
that muscular work leads to an increased formation of uric acid. 

4. The increase of purine bases and decrease of uric acid in the 
urine during muscular work appear to be due to defective oxidation of 
purine compounds. It was not found possible to produce evidence of a 


5. The total amount of purine compounds excreted is a more 
constant quantity, both from day to day and at periods separated by 
intervals of months, than is the output of uric acid. , 

6. The output of purine bases exhibits variations, corresponding to 
different portions of the day, which are very similar.to those exhibited 
by the uric gtid output. 

7. The*amount of uric acid 3 tends to vary inversely, and 


In conclusion, I wish to express my great indebtedness to Dr Leathes 
for assistance throughout this investigation. My thanks are due also to 
Dr Hill for his supervision of the experiments on the effect of oxygen 
inhalation, and to Messrs Siebe, Gorman and Co. 5 the oe facilities 


which they gave for these experiments. 
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THE COAGULATION OF BLOOD. 
By JOHN MELLANBY, MD. George Henry Lewes Student. 


(From the Physiological Laboratory, Cambridge.) 
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bi bes In 1899 Pawidw enunciated his theory of the gene- 
2 of trypsin from trypsinogén by the action of enterokinase. 

In 1903 Morowitz® and Fuld simultaneously, but independently, 
put forward a similar theory to account for the processes involved in 


the coagulation of blood. Morqwitz a similar to 
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* that of Pawlow and this is now generally used. His theory, simply 
2 stated, is that thrombokinase acts on prothrombin in the presence of 
calcium salts giving rise to thrombin, and this ferment changes fibri- 
nogen into fibrin. 
Morowitz based his theory on four fundamental statements. These 
are :— 
even in the presence of calcium salts. 
(2) That thrombokinase will not coagulate serous exudates as 


hydrocele fluid. | 
(3) That the coagulating activity of serum is enormously increased 
by adding thrombokinase to it. 


_ (4) That thrombokinase whether: previously treated with calcium 
or not cannot coagulate oxalate or fluoride plasma. 

The influence of Pawlow’s discovery may be estimated from the fact 
that of these four statements the first three are wrong. Kinase in the 
presence of calcium salts will coagulate fibrinogen prepared according to 
Hammarsten’s method (this fact is the basis of Pekelharing’s theory): 
kinase will coagulate serous exudates; and the activity of serum is not 
enormously increased by adding kinase to it. N 


* 


METHODS. or 


Plasma. In the following experiments the discovery of Dele- 

zenne d, that birds’ blood if carefully collected will yield a plasma 

which is not spontaneously coagulable, has been . i . 4 
To obtain the blood a large ‘eockerel was aiesthetised and N 

tracheotomy operation done. The femoral artery, just after its exit 

from the abdominal cavity, was arg" in one leg, isolated by means of 

rubber tissue, appropriately ligatured, opébed up, well washed out with 

Ringer’s fluid, and a clean glass „ * The bird was nor 

bled to death, the blood being co in large centrifuge tibes 

(The first three or four.cubic centimetres of blood were gollected.) 

Immediately after the blood was collegted it was placed in a lange” 8 

machine and centrifuged for 30 wings At the end offthat ti : * 

very good separation of the plasma ſvom the corpuscles was obtain i 

and the clear supernatant plasing* cou be readily syphoned off. | 

the experiment had been carefully performed the plasma thus obtained 

remained fluid for days. . 
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_ Fibrinogen. The discovery of Hammarsten that half saturation of 
magnesium sulphate plasma by sodium chloride precipitated fibrinogen 
only was regarded as affording + great help towards elucidating the 
processes involved in the coagulation of blood. In fact so much did 
this discovery dominate the work on the coagulation of blood that 
Schmidt's method of preparing fibrinogen was abandoned. But the 
baneful influence of salts on proteins is very evident, and in this paper 


- Schmidt's method for the preparation of fibrinogen has been adopted. 


It is clear that if fibrinogen is a globulin the best method to prepare it 
is to dilute and neutralise any fluid containing it. This procedure will 
certainly precipitate all the globulins contained in the fluid used, but 
there has not yet been adduced a certain. proof that any globulin other 
than fibrinogen exists in plasma; and even if more than one globulin 
does exist the relative disadvantages of admixed globulin or admixed 
sodium chloride have to be determined before the method can be surely 
abandoned. As a matter of fact the majority of the experimental 
results point to the conclusior that een is the only globulin 
contained in plasma. 

Therefore birds’ plasma was diluted with 20 volumes of distilled 
water—no precipitate occurred at this stage, all the globulin being 
combined with the alkali of the serum. But on adding a few drops of 
1% acetic acid a copious precipitate was produced. This precipitate 
was allowed to settle; the supernatant fluid was poured off, and the 
remaining fluid containing the fibrinogen was centrifuged for half an 
hour. The fibrinogen was thus obtained as a compact mass of protein 
at the bottom of the centrifuge tubes, This protein was ground up 


with distilled water and so diluted that the suspension obtained was of 
the same volume as the original plasma. In all the experiments on 


fibrinogen described’ in the following pages preparations of this type 
were used. A few experiments were made with fibrinogen prepared 
in @ similar way from oxalated horse plasma, but these will be 
specifically mentioned. . 
x, Thrombpkttnase. The testes of the cockerels used were employed as 
‘a souree of Kinase. 80 long a as 1882 Rauschenbach“ observed 
that although all tissues the coagulation of salted plasma, yet 
ertract of testis was strikingly effective. The use of the testis as a 
Karre of kinase is of particular value, since on stripping off the capsule 


1 Schmidts work on the coagulation of blood is summarised in his books (a) Zur 
1908, and (i) sue Wiesbeden, 1895. 
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7 the blood remaining in it after the bird has been bled: and killed is in 
very small amounts. The use of liver extract in experiments on kinase 
is undesirable, since it is difficult to obtain a bloodless liver, and even 
if this is obtained the result is not obvious on account of the pigmenta- 
tion of the liver cells. 

In the majority of the experiments a testis was taken from the 
cockerel immediately after bleeding, stripped of its capsule and well 
ground up in a mortar. The resultant pulp was diluted with water 
and allowed to settle. The supernatant opalescent fluid was used as a 
source of kinase, being to the required 
activity. 

In the description of the properties of nen mention will 
be made of the efforts employed to obtain a pure preparation. | 

In the experiments subsequently described the following abbietia: 


Fibrinogen = Fg — 
Fibrinogen in 75%), NaCl 
testis extract (= =K 
Fibrin ferment ß:.!UB 


THE or FIBRINOGEN: 


The vert 
concerned with the analysis of a series g phenomena which may be 
observed when fibrinogen is treated i 1 following wey 


The tem 80° C. 
perature throughout was 


Exr. I. 20. Fe—S+ Tee, K+ 900. 84:7 0.0 
complet 
anid 
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Exr. II. 20.0. Nee Fi 14 9% 
Coagulation odurred in 14 thins: ~ 
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III. 2 0.0. Fg—8+°1 0,6. Fi Hr .o. H, O. 
No coagulation occurred in 8 hours, | 
Fluid II was mixed with-estes extract and CaCl, as follows. | 


Exe. IV. 20.6. Fl 1+ 1 0.0. K 20.0. Ca—8 + 7 0.0. H,O. 
No change was observable in this in 15 mins. 5 
The mixture will be called Fluid IV. The effect of this on fibrinogen was 
then tried. 


Exp. V. 20.0. 200. N O. 
Coagulation occurred in 1 min. 


The results observed in the above experiments may be shortly 
described. In Exp. I the fibrinogen solution was coagulated by 
kinase (K) in the presence of CaCl, (Ca—S). In II, one-thirtieth 
of the expressed fluid from I coagulated the same quantity of fibrinogen 
in half the time. From III the expressed fluid from II had no action 
on fibrinogen. But from IV and V we see that after the fluid from II 
had been submitted to the action of kinase and calcium chloride it 
obtained a coagulating action on fibrinogen equal to that of fluid I. 

A variety of explanations may be offered of these striking results, 
but the most satisfactory is that given by the present theory of the 
coagulation of blood. On this theory the globulin precipitate obtained 
from birds’ plasma by dilution with water and neutralisation with acid 
contains not only fibrinogen but also prothrombin. Therefore (Fg—S) 
in the above experiments consists of a solution of fibrinogen and pro- 
thrombin in 75%, NaCl. This in Exp. I is acted upon by kinase and 
calcium chloride forming a coagulum of fibrin and leaving behind an 
intensely activé solution of thrombin, The activity of the thrombin 


solution may be seen from Exp. II. After the coagulation of (Fg—S). 


by the thrombin solution the expressed fluid does not contain thrombin 
since it will not coagulate fibrinogen in Exp. III. But the solution is 
rich in prothrombin, since on adding kinase and calcium chloride to it 
a large amount of thrombin is forined and the resultant fluid readily 
coagulates fibrinogen solutions. Therefore the fluid (Fg—S) contains 
fibrinogen ahd prothrombin in 75% NaCl; fluid (I) contains fibrin 


ferment ; fluid (II) contains. Prothrombin; fluid (III) contains fibrin 
ferment. 


Or he ol may the lowing 
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Kinase (K) and ealeiam chloride (Ca—8) 
Fibrin 
Fibrinogen ; prothrombin (F¢—8) 
Kinase (K] and calcium chioride (Ca—8) 
Fibrin ferment (TV) 
Fibrin Prothrombin 


Various quantitative experiments were made to analyse in detail the 
processes qualitatively expressed in this scheme. The results of these 
experiments are given below. 


The relation of prothrombin to fibrinogen. 
In the above scheme the prothrombin has been represented as 
contained in the fibrinogen solution. But a rigidly quantitative ex- 
periment is required to prove that the prothrombin is not associated 


with the kinase or that kinase is not 3 before this ae 
can be accepted. 


In the following experiment varying 3 of fibrinogen in Aap 


75% NaCl were coagulated with aye same poo of. kinase and 


-= 00 - n 
1 0.0. 40.0. 40. %%. ec. 7 1 
3 4 oe 4 III. 


loc, (Fg—S) T 2 0.6. I. Coagulated in 30 mins. 1 
1 0.0. „ 712,0, H. ” „ 4 „ 
1 0.0. ” + 20.0. III. 


From this experiment it is clear that the solution obtaifiéd froin i 
contained a great deal more ferment “than that obtained from I, and 
that solution II was jntermediate detween ‘L and III. The only 


variable in the three cages was the amount of “fibrinogen solutiog’ used. 


the total volume, kinase, calcium chloride 4 temperature: being 
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shown to contain quantities of prothrombin (by subsequent activation 
with kinase and calcium chloride) proportional to the strength of the 
original fibrinogen suspensions. Therefore the prothrombin must be 
intimately connected with the fibrinogen. 
cannot be accurately stated at present, but.for want of a better term it 
may be conveniently described as adsorbed. It may be stated that in 
whatever way fibrinogen is precipitated the prothrombin is carried 
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constant. Therefore the amount of fibrin ferment formed must inti- 
mately depend on the amount of fibrinogen solution used. By varying 
the experiment and coagulating fibrinogen solutions of varying concen- 
trations with the same quantity of ferment the expressed fluids can be 


down with it, 


In the first part of the experiment it may be seen that solutions of 
fibrinogen of high concentration coagulate more quickly than those of 
lower concentrations, although the kinase and calcium chloride con- 
centrations are constant. The result affords a proof that the actual 
coagulant is not the kinase or calcium chloride but something inti- 
mately connected with the fibrinogen. 
interesting to recall that Pekelharing states that kinase is pro- 
thrombin and this is turned into fibrin ferment when acted upon by 


calptam salts. 


Coagulation by Kinase and by CaCl, and other elements 

of the same group. 

* Me) Kini: in varying amount. In the above experiments the 
amount of Nn present in a coagulating solution has been kept 
constant. A determination of the relation of the amount of kinase 
rs to the time of coagulation of a fibrinogen solution may help to elucidate 
. the processes ooncerned in blood coagulation. To this end a fibrinogen 


— 


The type of this connection 


In this connection it may be 


solution was made and to portions of it varying amounts of kinase but 
constant amounts of caleium chloride were added. The following results | 


were 
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There are two important results to be noted: 

(1) Although the original plasma did not ies om the fibri- 
nogen solution prepared from it slowly coagulated on the e of 
calcium chloride only to it. 5 

(2) That increasing the kinase beyond a certain point had 211 
cally no influence on the time of coagulation if the calcium were kept 
constant. 

As regards the first. point the question arises "whether calcium 
chloride alone will coagulate fibrinogen solutions. A definite answer 
is difficult to give. Every fibrinogen solution which has been tested 
has coagulated with calcium chloride alone but with varying degrees of 
rapidity. Some solutions have not completely coagulated in five hours. 
On the other hand fibrinogen solutions prepared from plasma which 
has remained fluid for weeks have coagulated slowly on adding calcium 
chloride. But a consideration of the properties of kinase and pro- 
thrombin and the constitution of plasma points to the conclusion that 
calcium alone will not coagulate fibrinogen solutions; and in all the 
cases in which this apparently occurs there is a trace of kinase admixed 
with the fibrinogen solutions 

The second observation that i increasing the kinase beyond a certain 8 
limit does not affect the time of coagulation of the fibrinogen solution 
indicates that the ultimate cause of coagulation does hot rest withthe 
| kinase solution but with some other factor present. : 

(b) Calcium chloride in varying amounts. To W W 
of calcium chloride in coagulating fibrinogen the 
experiments were made: — 


2 e. o. 898 24 

2 1 * 16 

2 0.0. 5 

2 0.0. 4 4 

2 oc. 9 


The diphasic effect: calcium chloride on the ‘tine 
the time of coagulation gradually diminishing and then in ing as 
the amount of calcium is varied—is of interest. But in above 
figures it may be seen that the * 8 time is much 
longer than that usually observed. 

The following experiment shows ‘how. fas the effect of 
chloride on the n time is dominatedwby the amount — 
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10 (Ca—8) 1,0 Cong. time in mins. 
2 0.6. 5 2 8 ~ 
200. 8 3 2 4 
20.0. 5 4 1 4 
20.0. 5 6 0 34 


This experiment was precisely the same as the above except that 
the kinase had been increased fivefold, i.e, from ‘1¢.c. to 5; c. o. in 8 e. 
The result was to diminish the smallest coagulation time from 14 mins. 
to 34 mins. and to obscure the diphasic effect produced by increasing 
quantities of calcium chloride. The results indicate that the essential 
factor in producing the first change necessary to coagulation is the 
calcium ion but that before this ion can produce an effect it must be 
under the protection (so to speak) of the kinase. Nor is the necessity 
of this relation of kinase to calcium difficult to appreciate. Fibrinogen 
is a globulin and the natural tendency of the ions of calcium chloride is 
to put this globulin into solution. Apparently the kinase is necessary 
to divert the calcium ions from this purpose and to concentrate them 
on the generation of fibrin ferment from prothrombin, - 

The essential part played in the coagulation of fibrinogen solutions 
by calcium chloride may be readily seen from the following results. In 
these experiments horse plasma which had been prevented from 
coagulating by the addition of potassium oxalate was used as the 
source of fibrinogen. The fibrinogen obtained. from this source 
contained a maximal amount of kinase and coagulated on the addition 
of caleium chloride only. In the following experiments calcium chloride = 
was added to the solution and at varying times after coagulation had . 
started series of 5 c. of the clear fluid, free from clot, was taken, and | 


* 


Fibrinogen in -5°, NaCl. Temperature 19° C. 


Per cent. 
2 
(1) 14 06 | (3) CaCl, 100, 2 10 
Ww 29 -20 
19 33 34 
24 (4) CaCl, 1. 10000 25 04 
28 65 40 15 
3. 72 60 
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the amount of solid determined in it. In this way the amounts of 
fibrin formed at definite times were calculated and from the values 
obtained thé curves for the coagulation of fibrinogen solutions by a 
constant amount of kinase and varying amounts of calcium chloride 
were constructed. The above results were obtained. 

The results' given above are plotted on Fig. 1. 

If a conclusion were to be drawn from these results alone, the 
obvious deduction would be that the coagulation of fibrinogen is due to 
the action of calcium chloride acting directly on it. And such a 
conclusion would agree very well with the recent work on the properties 
of positive and negative colloids and the relation of anions and kations 
to them. But with our present knowledge the results only show how 
intimately the initial stages in the coagulation of * are connected 
with the amount of calcium chloride present. | 

The relation of the amount of calcium present to the velocity of 
coagulation of a fibrinogen kinase solution naturally suggests an inquiry 
into the capacity of other elements of the same group te produce 
coagulation. To determine this point the following experiment was 
done : | | 


N 
00 0.0, (30) Je 
(Fe—8) (K) (©) 1.0 Cong. time 
2 00. 10.0. 1 8 0. o. mines. 
1 
45) N 4s „ 
(Note here the diphasic effect produced the amount of calcium chloride is 
(2) Be80, (55) -O 
(Fe—8) (K) (c) Cong. time 
2 0. 1 0.0. 05 0.0. 85 6.0. Slight ooag. in hours. 
1 8 
5 7 No coagulation. 
Pie 


done by Mr A. J. e 
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8 0. o. No coag. in 3 hours. 
5 90 minutes. 


(K) HO _ Cong, time 
2 0. o. 10.0. 10.0. 8 0.0. No ooag. 
5 4 60 minutes. 
100 „ 


„ 


2 0.0. ‘loc. ‘loc. Sec. No coag. f 
9 | 2 hours. 

From the above we see that although all the salts belonging to the 
calcium group coagulate fibrinogen in the presence of kinase yet none : 


of them compare in potency with calcium. ! 
To see if any estimate of the relative activities of the elements 7 

forming this group could be obtained equivalent quantities of salts were 

added to a series of test tubes containing the same fibrinogen but five 


. times as much kinase as in the above experiments. The following : | 
regtzults were obtained: 
l co time 
1 
20. 0. 5 5 Cad, 14 minutes. 
% 20. 5 5 “gral, = 
2 5 ong. in 2 hours. 
5 
| 20 
2 30.0. 5 3 MgCl, > No goag, in 8 hours. 
{ 244 38 


In all these results we see-how superior calcium chloride is as a 
coagulant of fibrinogen in the presence of kinase. The only other salt 
which can be compared with it is strontium chloride and this is very 
greatly inferior to it in activity. The abserice of any coagulating 
property in beryllium is surprising. According to the Periodic Law 
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this element ought to be more active than calcium. The position of 
strontium as intermediate in activity between calcium and barium 
corresponds with the position it holds in the group. But the superiority 
of calcium indicates that this element possesses a specific coagulating 
property, a property which cannot be expressed merely in terms of the 
electrical charge on its ions. 
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(c) Kinase before calcium chloride. Arthus™ states that the 
processes which occur during the coagulations of blood and milk are 
precisely similar, The fundamental observation in the coagulation 
of milk by rennin is that even in the absence of calcium salts the rennin 
acts on the caseinogen although no apparent change is produced. The 
change is shown by the immediate precipitation of the paracasein on 
adding calcium chloride to the solution. 

A point of some interest was to determine whether any effect 
similar to this occurred when kinase and subsequently calcium chloride 
were added to a fibrinogen solution. , 


(K) (Ca—8) Minutes 
L 2 0.0. 1 2 7 2 

2 0.0. 2 2 6 33 

(Fg—8) (K) H,O 
II. 2 0.0. 1 7 (m) 

20.0. | 2 (n) 
After 10 minutes: 

III. (m) + 2 0.0. (0 24 minutes. 

(n) +°2 0.0. (C) 


In I. are shown the normal times of coagulation of a fibrinogen 
solution when kimase and calcium chloride were added to it simul- 
taneously. In II. kinase alone was added to the fibrinogen solution 
and after ten minutes during which the kinase alone could act on the 
fibrinogen’ éaleium chloride in the same quantity as in Exp. I. was 
added. From the times of coagulation of III. it is clear that there had 
been no preliminary action of the kinase on the fibrinogen solution. 
In this respect therefore the processes which occur in the coagulation 
Bt blood are dissimilar to those which occur in the coagulation of milk 

by rennin. 4 

The temperature coefficient for the coagulation of fibrinogen by kinase 
and calcium chloride. The intimate relation which exists between the 
time of Coagulation of a fibrinogen kinase solution and the amount of 
calcium chloride present suggests an inquiry into the temperature 
coefficient’ of this process. It is well known that the electrical 
conductivity of dilute solutions of neutral salts increases about two 
per cent. per degree—the increase in conductivity with temperature 
being mainly due to an insckeased velocity of the ions. The question 
naturally arises whether the magnitude of the temperature coefficient 
for the coagulation of a fibrinogen kinase solution is of this order, and 
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gives a definite proof for the essentially ionic action of the divalent 
calcium added. 

In this experiment fibrinogen prepared from oxalated horse plasma 
was used. The fibrinogen was dissolved in 5% NaCl. A constant 
amount of kinase was present and CaCl, was added in the proportion 
of 1: 2500. 


Per cent. Por cent. 

Temperature 12° C. 60 “67 Temperature 25°C. 10 ‘18 

69 91 13 83 

76 1°20 17 “54 

88 163 22 101 

26 122 

Temperature 18° C. 36 61 

45 94 Temperature 32° C 63 28 

52 1°25 94 71 

62 1-41 12 1°27 


The above results are plotted on Fig. 2. 

The curves are of a regular form but have no characteristic equation 
from which the temperature coefficient can be deduced. Suppose we 
compare the times taken at various temperatures to produce the same 


degree of fibrin change in the fibrinogen of 
formed we get the following numbers: 


* 
„ 


» 


82° C. 75 

25° C. 
10. 0 


The magnitude of the temperature coefficient is of a much higher * 
order than that observed in the conductivity of the electrolytes. But 
the magnitude of the change does not vitiate the assumption that the 
calcium works by virtue of its ionic properties. With an increase of 
temperature two essential changes use produced: (a) An increase in 
the velocity of the ions of the salts present. (6) A diminished 
stability of the protein. In the case of ‘many proteins this diminished 
stability with rise of temperature is marked. In the case of fibrinogen 
solutions this is especially so and in the determination of this tempera- 
ture coefficient above it is probable that the diminishing stability of the 
fibrinogen solution with rise of temperature is the fundamental factor 1 
in determining the temperature coefficient.» 

The coagulation fbrinogen solutions by fibrin Ia the 
previous pages the — of fibrinogen solutions Wi the action of 
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kinase and calcium chloride has been considered. But on the present 
theory of the coagulation of blood neither the kinase nor the calcium 
chloride is the actual coagulant but both of these work in conjunction 
on a third inactive body generating fibrin ferment. It is now proposed 


457% 
* 
+ 
00 (4) 
(OF o 
5 
75 
Fig. 2. Ordinates represent percentages of fibrin formed ; abscissw represent 
time in minutes. 
(a) Temperature 32 C. % Temperature 25° C. 
de) Temperature 107 0. (% Temperature 12° C. 


to consider in detail the coagulation of fibrinogen solutions by fibrin 
ferment itself. The ferment was obtained in every case by coagulating 
a fibrinogen solution by kinase and calcium chloride. It has been 
previously shown that the fluid expressed after complete coagulation 
possesses to a very marked degree the property of coagulating fibrinogen 
solutions. Such a solution will be called a fibrin ferment solution. 
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Ferment in varying amount. A ferment solution obtained by 
coagulating a fibrinogen solution was diluted one in five. This was 


added in varying quantities to a solution of fibrinogen in sodium 
chloride, the fibrinogen and sodium chloride being so added that they 


were present in a constant percentage in all the experiments. 


= The following results were obtained : os 
NaCl (16%) 1.0 vt 82 
5 0.0, 1400. “4 les. 7 
5 9 10 
6 8 15 
4 17 
8 6 20 
9 3 25 
1-0 “40 80 
14 3 40 
1˙2 2 50 
1 13 1 120 


It is clear from the above numbers that the coagulation time of a 
fibrinogen solution is approximately inversely proportional to the 
amount of ferment added. The numbers only permit a rough approxi- 
mation to be made since the times of coagulation are difficult to obtain 
with any degree of accuracy when comparatively large quantities of 
ferment are added. When smaller quantities of, ferment telative to the 
fibrinogen present are added a secondary action which obscures the 


effect of the ferment on the fibrinogen oονꝙ’Wt. 
Fibrinogen in vurying amount. In these experiments the strength 
of the fibrinogen only was varied, 8 sodium — ferment and 


volume n kept constant : 


(Fs—8) 150% Nec Cong. time 
10 178 2 , 1 minute. 
15 28 14 minutes. 
2˙0 8 . 3 ” 
25 3 2 


was formed in each of the tubes. From these figures We get the 
unexpected result that increasing the concentration ofthe fibrinogen 
increases the time of formation of a definite quantity of fibrin. In all 
ferment actions which have been accutately analysed the amount of 
action at any time is a function of the amount of unchanged substance 
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ordinary logarithmic equation more or less modified to include such 
effects as the inhibitory influences of formed products. But in the case 
of the coagulation of fibrinogen by fibrin ferment the reciprocal rather 
than the logarithmic relation is indicated. The degree of divergency 
from the ordinary ferment laws raises the question whether thrombin is 
a ferment. : 

Effect of temperature. A constant quantity of fibrin ferment was 
added to a definite quantity of fibrinogen in 75% NaCl at various 
temperatures and the times of coagulation noted. 


The following results were obtained : 
Temperature Time of coagulation 
5° CC. 30 minutes. 
18° ©, 2 „ 
31 C. 
52° C. 2h „ 
60° ©. No coagulation. 


From the above results it is clear that temperature has comparatively 


little influence on the coagulation of fibrinogen between the limits of 


18°C, and 52°C. In the previous pages a large temperature coefficient 
in the coagulation of fibrinogen solutions by kinase and calcium chloride 


has been noted. It is evident that in this latter case the coefficient is 


more determined by the preliminary generation of the fibrin ferment 


” from the prothrombin rather than by the action of the thrombin on 


the fibrinogen. At 60°C. no coagulation occurred—the fibrinogen 


<folution being destroyed by the heat coagulation of the protein present. 


At this temperature the ferment also was destroyed. This point was 


| proved by subsequently testing the ferment solution on another 
53 solution at 30°C, Even at 52°C. a partial destruction of 


ferment occurs, After a portion of the ferment solution had been 
t at this temperature for ten minutes an experiment similar to those 
above was done. The coagulation of the fibrinogen solution occurred 
in 2} minutes, i.. after heating the ferment solution to 52°C. it took 
one minute longer for the same volume to coagulate a fibrinogen 
solution than before heating. But the rapid destruction of fibrin 
ferment only occurs when the fibrinogen is coagulated—about 60° C. 
Relation of fibrin ferment to fibrin. When fibrinogen solutions are 


_ coagulated by relatively large quantities of ferment an approximately 


linear relation obtains between the time of coagulation and the amount 

of ferment added. But whem the amount of ferment is small (as 

estimated by the length of time before coagulation ensues) this linear 
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relation disappears, the time of coagulation bearing no relation to the 
amount of ferment present. A property similar to this is well shown 
in the coagulation of milk; with large quantities of rennin the times 
of coagulation are inversely proportional to the amount of rennin 
present, but with quantities below a certain minimum the times of 
coagulation are greatly extended. 

To determine the cause of this phenomenon in the case of fibrinogen 
solutions the following experiment was done 


NaCl (15 % HO Ff Cong. time 
5 o. o. 1 4 10.0. (A) 7 secs. 
5 9 (B) . 10 ,, 

6 8 (C) 15 ” 

7 7 (D) 7 „ 

8 6 (E) 20 „ 

9 8 „ 

10 4 (@) 

11 3 H) 40 „ 

12 2 ( 50 ” 

18 1 09 120 „ 


After complete coagulation the fluid was expressed from the fibrin 
in several of the above The fluid * is 


as A’, etc. 
| 8 
0 5 0.0, 05 . 6s. 456 lec 60 S sn. 
(2) 1 oc. C’ „ 
(8) 1 0.6. E 84 
(4) lice. 00 „ 
(5) 10.0. K 6 hour. 
% 


If the ferment content of a pon is in no way altered when 
coagulation ensues then the experiments (1), (2), (3), (4), (5), possessed 
the ferment content of the experiments (F), (G), (H), (T), (L) 
respectively. Thus in experiment A, 2°¢.c. of the original solution 
centained 1 dc. of ferment. Therefore 1 C0. of the expresed fluid (A), 
if no ferment were removed during coagulation, must have contained 
5 Cc. of ferment. This was added to 5 cc, of fibrinogen suspension, 
ete., in experiment 1, the fibrinogen, eta, * ‘added 80 as to > whe 
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The coagulation times of these comparative experiments were 
Experiment time 
25 secs. 
10 
12 


— 
le 
is 
It is aise from the above that either the ferment 8 of a 
solution is altered after coagulation of the fibrinogen or the products of 
the coagulation iwhibit the activity of the ferment present. To 
determine whether the products of the coagulation process, in addition 
to the formed fibrin, inhibit the activity of fibrin ferment the expressed 
fluids from various coagulation experiments were added to fibrinogen 
ferment mixtures and the times of coagulation noted. 
In: the lettered series of experiments the fluid was expressed from 
L, H, F. 1 «ac. of each of these fluids (L', H“, Fr) was added to a 


mixture of fibrinogen and ferment ö in concentration to 
the original L, H, F experiments. 


The following resulta tere obtained : 

40 05 0.0 . % 1 0.0. 10.0. L’ 110 sees. 
15 3 1 0.0. 30 


eee If. the coagulation times of experiments (6), (7), (8), be compared 
1 the experiments (L) (H) ( it will be seen that they are slightly 

orter, thus proving that the products of the coagulation process do 
not inhibit the activity of ferment subsequently added. The only 
conclusion which can be drawn from the series of experiments I, II and 
III. is that the fibrin ferment is removed with the fibrin in the process of 
coagulation, 

The question naturally 4 as to the way in which the ferment is 
removed, There are two main possibilities, (a) that the ferment com- 
bines with the fibrinogen to form fibrin, (b) that the ferment adheres to 
the fibrin in a way which may be described by the term adsorbed. 
The first possibility implies that the ferment cannot be recovered 
from the fibrin formed and that the production of a definite quantity 
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of fibrin demands the disappearance of a definite quantity of ferment. 
Against this possibility is the fact that an exceedingly small quantity of 
ferment will ultimately coagulate the whole of a fibrinogen solution 
if the coagulum be left in contact with the residual fluid. But if the 
coagulum which is first formed be removed the process becomes much 
slower, thus indicating that in the removal of the coagulum a portion of 
the ferment has been removed. 

If the second possibility be correct—that the ferment is adsorbed 
by the fibrin—then on dissolving the fibrin a solution possessing 
ferment activities should be obtained. To test this point a quantity of 
fibrinogen was coagulated with fibrin ferment and the resultant 
coagulum was washed and dried. The coagulum was suspended in 
5°/, NaCl for 16 hours at 30°C, There was no very evident solution of 
the fibrin but the resultant fluid was rich in ferment. ‘1 cc. of this 
solution coagulated 2 d. of fibrinogen solution in two minutes. It is 
probable therefore that when a fibrinogen solution is coagulated by 
fibrin ferment a portion of the ferment is adsorbed by the formed fibrin. 
This adsorbed ferment can still coagulate other fibrinogen as is shown 
by the slow but complete coagulation of fibrinogen solutions to which 
small quantities of ferment have been added. (Ooagulation in some 
cases may take days to complete itself.) It is interesting to note that 
this splitting of the adsorbed fibrin ferment from the fibrin is the basis 
of Gamgee’s method for preparing solutions" of} fibrin ferment. There 
is apparently no definite relation between the amount, of ferment 
adsorbed by a quantity of fibrin. When a large quantity of ferment i „ 
present in the coagulating solution, a much greater quantity is removed 
than when the ferment content of the fibrinogen solution is small. 
The relations of fibrin ferment to fibrin are analogous to- those which 
are observed in the case of fibrimpférment and fibrinogen. The 
adsorption of the ferment by thé brim prevents any accurate a 
curve of coagulation being obtained To determine the rate of 
coagulation of a fibrinogen solution ‘portions of the clear coagulating 
fluid from which the fibrin has been removed must be taken at various 
times and the weight of solid determined in them. The removal of the 
formed fibrin lowers the ferment concenfration of the residual 
and so alters the coagulation time. 17 


A ofthe whichis he 
_ of blood vitro. 


One of the most interesting chapter in the history of the coagula- 
tion of blood is concerned with a Dr of the substances which 


— 
* 
4 
4 
9 
4 
i 
„ 4 
2 
* 
*, 
el 17.0 


48 „ J. MELLANBY. 


inhibit the coagulation of blood in vitro and the possible causes of the 
phenomena observed. The influence of these substances on the coagula- 

tion of fibrinogen by kinase and calcium chloride and by fibrin ferment 
is considered in the following pages. 

Potassium owalate. The earliest observer to recognise the influence 
of calcium salts on the coagulation of blood was Hammarsten “. He 
found that calcium chloride, when added to plasma, possessed the 
properties of Schmidt's zymoplastic substances. Green“ extended 
these observations and showed that the deprivation or addition of 
calcium salts to coagulating solutions increased or diminished the 
coagulation time. Arthus“ completed the experiments by showing 
that blood to which oxalate had been added did not coagulate but 
would immediately do so on the addition of a calcium salt in a quantity 
chemically in excess of the added oxalate. These observations caused 
the genesis of a number of theories to account for the coagulation of 
blood. It is not proposed to consider these theories in detail at present 
but it may be remarked that Schmidt always considered that calcium 
salts were no more specific than sodium or other salts. 

The following experiment shows the influence of potassium oxalate 
on the coagulation of fibrinogen by kinase and calcium chloride : 


potassiam oxalate. 

„ (D) 1.0 Cong. time 

200. Roo, 0 0.0. 6 0. o. 5 minutes. 
or, 1 5 8 
$ 2 4 Not coagulated 
at in 24 hours. 

* 
4 „In the above 2 cc. CaCl, is practically equivalent to 2 0.0. of 
i 2 ium oxalate. The experiment shows conclusively that the degree 


oe ‘action of the oxalate is proportional to the amount of calcium 
„chloride it precipitates. If suffloient oxalate be added to precipitate all 
_ the ‘calcium then the action does not go on. 
4 In the next experiment the effect of potassium oxalate on the 
coagulation of fibrinogen by ‘fibrin ferment is shown : 


* 


D’ = potassium oxalate (6 %. 
(Fr) Cong, time. 


2 0.0. 2 0.0. 0. 0. minute. 


4 2 
2 
1 
1 7 1} minutes. 
6 2 24 
8 0 5 * 
15 
4 7 
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In this experiment the small effect of potassium oxalate on fibrin 
ferment may be seen. The presence of 1% potassium oxalate delays 
the coagulation time only 14 minutes, i.e, from 4 to 24 minutes. This 
result will be seen to be comparable to the action of sodium chloride on 
the coagulation of fibrinogen by fibrin ferment, thus showing that so far 
as potassium oxalate possesses the specific property of precipitating 
calcium salts it has no effect on fibrin ferment. The necessary corollary 
of this result is that the action of fibrin ferment on fibrinogen does not 
depend upon any calcium present in the ferment molecule which can be 
precipitated by oxalate. There is therefore a probability that the 
generation of fibrin ferment from prothrombin by the combined action 
of kinase and calcium chloride does not depend upon an accession of 
calcium to the prothrombin. 

Sodium fluoride. There have been many conjectures to account for 
the non-coagulable state of blood produced by the addition of sodium 
fluoride to it. The majority of observers assign the effect to the capacity 
of sodium fluoride to preserve the formed elements intact, and usually 
bring forward histological evidence to support their hypotheses. ; 

But if the action of sodium fluoride on the coagulation of fibrinogen 
by ferment and by kinase and calcium chloride be observed in vitro it is 
clear that the effects produced are analogous to those shown by potassium 

The effect of sodium fluoride on the cg. 
kinase and calcium chloride is shown in the Talley 


(Fe—8) 0K) NaF HO time 4 


Ae 

2 0.0. “4 0.0. 0 0.0 400. 84 minutes. 
1 * 33 ” 
2 72 2 84 ” 1 
No cogg. * 


As soon as the sodium fluoride is present in a quantity chemically * 
equivalent to the calcium chloride then no coagulation occurs. . 
The following experiment shows the effect of sodium fluoride on te 


coagulation of fibrinogen by fibrin ferment: 


4 
1 
— » 
* 
(Fg—8) (Fh Na F 66% H,0 Coag. time 
— 20.0. 20.0. 0 o. 8 o. o. 2 minutes. 
1 7 14 90 
8 5 1} * 
7 14 2 5 
PH. XXXVIIL 4 4 
* 
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From the above it is clear that the main action of sodium fluoride in 
preventing the coagulation of blood is due to its precipitation of the 
calcium salts, But sodium fluoride in addition to its capacity to 
precipitate calcium salts possesses an alkaline property when dissolved 
in water. When the action of alkalies on the coagulation of fibrinogen 
is considered it will be seen what small quantities of alkali assist this 
action and then depress it. The adjuvant effect of the alkaline nature 
of sodium fluoride obscures any depressant action corresponding to that 
shown by large quantities ‘of sodium chloride or potassium oxalate on 
the coagulation of fibrinogen by fibrin ferment. In addition to this 
effect of the alkaline property of sodium fluoride there is a further result 
to be considered. If a solution of globulin be made in an alkaline 
medium and a trace of calcium chloride be added to it there is 
immediately produced a precipitate of globulin. An effect depending 
upon this property is shown on adding calcium chloride to fluoride plasma. 
On adding sodium fluoride to fresh plasma coagulation is prevented 
owing to the precipitation of the calcium salts. But the fluoride in 
addition to precipitating these salts produces an alkaline medium in 
which the fibrinogen assumes a property similar to that of globulin 
dissolved in alkali. On adding calcium chloride to the fluoride plasma 
there is produced not only a precipitate of calcium fluoride but a copious 


‘precipitate of the fibrinogen. This property—the precipitation of 


globulin dissolved in Alkali by divalent positive ions—prevents the 
fluoride plasma from “clotting on adding more calcium chloride to it. 


, That the fluoride has not affected the fibrinogen in the plasma may be 


* 


. * 


— 


ben by adding fibrin ferment to it—a typical clot is produced after 


a Wight delay due to the excessive alkalinity of the medium. 

Alt is interesting to note that in birds’ plasma the fibrinogen is con- 
Ned in solution combined with alkali, since on dilution only no 
Veipitation occurs; to produce a precipitate of fibrinogen the plasma- 

Water mixtiire must be neubralised by adding a trace of acid. But if 
calcium chloride be added to birds’ plasma no precipitation occurs similar 
to that observed with alkali globulin, proving that the ultimate nature 
of the dissolved fibrinogen in plasma is different from that which obtains 
when globtlin is dissolved in alkali. 


Sodium ‘citrate. Sodium citrate has also been used to prevent the 


coagulation of blood. Its action has been stated to depend upon a 
depression of the activity of the calcium ions (Sabbatani). 

The following experiment shows the effect of sodium citrate on thé 
coagulation of fibrinogen by kinase and calcium chloride. 
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a soluble state in the excess of salt. Tbe action of sodium citrate in 
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sodium citrate (a). 


(Fe—S) * (Ca—8) To H,0 Coag. time 
2 0. o. 20.0 2 0.0. 0 o. o. 8 0.0. 1} minutes. 
1 8 5 
3. 1 „ 
5 1 
7 0 13 9 
8 0 
‘1 (@) 6 No coagulation (I) 


From the above. we see that I c.c. of 10% sodium citrate in 3 cc. or 
33% of sodium citrate prevents the coagulation of fibrinogen by kinase 
and calcium chloride. The action of sodium citrate is not so sharply 
defined as that of potassium oxalate in a similar 9 but the 
mode of action is essentially the same. 

The effect of sodium citrate on the coagulation of fibrinogen by 
fibrin ferment is shown below : 


Cong. ume 


- (rn (4) 
2 c. o. 20.0. 0 0. o. 8 0.0. gminute. 
1 2 minutes. 
2 6 98 
25 70 ” 
: 3 5 No eoag. in 2 hrs. (T). 
** 
In the case of sodium citrate the apparat influence of 
the salt on the action of ferment is very marke. Less than 1 of 


the salt delays the coagulation time an bout, — 
prevents it entirely. The word apparent is used above since the actign 
of the ferment on the fibrinogen is not prevented, but only the produ- 

tion of an insoluble clot, At the end of two hours, the fluid in tube 
(J) was poured into 10 volumes of distilled water and acetic acid was * 
added to the diluted mixture to neutralise the alkalinity of the sodium = 
citrate. A precipitate was produced bat not of the granular’! type of 
unchanged fibrinogen. The precipitate possessed all the properties of its 
fibrin. And in all the experiments in which there is a delay in the 
coagulation of fibrinogen by ferment owing to the presence of salts it 
has been found that the delay is not due to the retardation of the action 
of the ferment on the fibrinogen but to the continuance of the fibrin in £ 


this respect is well marked owing to the very alkaline nature of the 
salt—alkalies being much more efficient polvents of freshly formed 


4. 


fibrin than neutral salts. 
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But in those cases in which coagulation is prevented in fibrinogen 
kinase calcium solutions, the effects cannot be assigned to the upholding 
of the formed fibrin in solution by the added salts. In the first place 
the action of the salt is always of the order of the chemical equivalent 
of the calcium present; and further on reprecipitating a fibrinogen 
calcium kinase mixture which has been prevented clotting by an 
appropriate salt, fibrinogen and not fibrin comes out of solution. 

Sodium chloride. The action of sodium chloride on the coagulation 
of fibrinogen was investigated, since this salt has been largely used in 
the preparation of fibrinogen from plasma (Hammarsten’s method). It 
is clear that in the case of this salt any effect which it may exert on the 
coagulation of fibrinogen by kinase and calcium chloride cannot be 
assigned to a specific precipitating action on the calcium chloride. 

The time curves for the coagulation of fibrinogen, to which 75% 
and 1°/, sodium chloride had been added by kinase and calcium chloride, 
: were obtained. Fibrinogen obtained from oxalated horse plasma was 

used in these experiments. The results are given below: 


Fibrinogen in -75 °/, Nad. by Kinase sind (1: 1000) Temp. 20° C. 


: Per cent. of 

Minutes mein formed 
11 58 
13 15 
15 84 

ibrinogen in i soagulated by kinase and (1 : 1000) 

2 16 
~ 32 
60 66 
‘ * 67 | 8⁴ 


The values above are n on Fig. 3. 
The ‘curves show how largely the coagulation: of fibrinogen by 
Linn and calcium chloride is influenced by an excess of sodium 
chloride. In the light of this result it is not surprising that many 
experimenters have failed to observe any coagulation of fibrinogen 
prepared according to Hammarsten’s method by kinase and calcium 
chloride. In this method repurification of the fibrinogen is effected by 
precipitating with saturated sodium chloride and very careful technique 
would be required to keep the content of sodium chloride down to a 
minimal value. In addition to the influence of the sodium chloride on 
the action of kinase and calcium there is to be considered the influence 
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of this salt on the prothrombin associated with the fibrinogen. From 
a consideration. of the properties of prothrombin it is probable that 
whilst salts like calcium chloride generate fibrin ferment from it, salts 
like sodium chloride actively destroy it. Possibly this factor is also 
concerned in those cases in which various observers have failed to 
coagulate fibrinogen by kinase and calcium chloride. But that a 
positive result has been obtained by previous observers is clear from 
the experiments of Pekelharing® on the generation of fibrin ferment 
from nucleo protein and of Lilienfeld™ on the nature of thrombosin. 


© 
— 
@ 
4 
N. 
“95+ 7 
# 
73 30 70 


Fig. 8. Ordinates represent percentages of übrin formed ; absciss» represent 


‘Fibrinogen dissolved in -75°%, NaCl; ( Fibrinogen diasolvedsin 1%, NaCl. 
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P . this last experiment it is clear that sodium chloride delays 
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Fibrin ferment is the ultimate coagulant of fibrinogen when kinase 
and calcium chloride are added to a solution of it. The question 
arises ‘whether the influence of sodium chloride is confined to the 
generation of the ferment from the precursor or is also exerted upon 
the coagulation of the fibrinogen by the ferment. To settle this point 
comparable experiments showing the coagulation of fibrinogen by kinase 
and caleium chloride, and by fibrin ferment, both in the presence of 
varying quantities of sodium chloride, were done. 

The following results show the influence of sodium chloride on the 
coagulation of fibrinogen by kinase and calcium chloride : 


(Fg—8) (K) (Ca—8) NaCl (15%) H,O Coag. time 
20.0. 20.0. 2 0.0. 0 0. o. 6 C. o. 5 minutes. 
1 5 
2 4 
3 8 
“4 2 90 „ 
5 1 55 


The results given below show the influence of corresponding 
quantities of sodium chloride on the coagulation of fibrinogen by fibrin 


ferment : 


H,O Coag. time 

20.0. 20.0. 0 c.c. 8 0. o. minute. 
„ 1 7 1} minutes. 

2 6 N » 

. 5 5 50 
* 5 3 17 ” 


coagulation of fibrinogen by fibrin ferment. Thus from the above 


“a mumbers we see that if 5 % NaCl is present the coagulation time is 
5 74 minute, with 15% NaCl the time is 2} minutes and with 3% NaCl 
“the timt 1 17 minutes. But that the delay in the coagulation of 


fibrinogen by kinase and calcium chloride is not solely due to the salt 
influencing the action of ferment on the fibrinogen may be seen by 
comparing the last two experiments. When 3% NaCl is present the 
coagulation time of fibrinogen by kinase and calcium chloride is 
55-minutes: but with the same quantity of salt and fibrin ferment the 


time is only 17 minutes, Therefore, in addition to the inhibitory 


action of the salt on the coagilation of the fibrinogen by the ferment 
there is also the action of the salt on the generation of the ferment 
from the precursor. As regards the influence of sodium chloride on 
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the precursor there is the additional point to be éonsidered of the 
active destruction of the precursor by the salt. But this question will 
be dealt with in the consideration of the properties of prothrombin, 
suffice it to say that there is evidence that prothrombin is actively 
destroyed by such salts as sodium chloride whilst salts of the type of 
calcium chloride generate fibrin ferment from it. The delayed coagula- — 
tion of fibrinogen by fibrin ferment in the presence of sodiam chloride 
is exaggerated owing to the properties of fibrin. When fibrin is first 
formed it is fairly soluble in sodium chloride. If then sufficient sodium 
chloride be present the first formed fibrin is kept in solution by the salt, 
and it is only when the fibrin has changed into a more stable form that 
the gelatinous coagulum becomes apparent. This fact is evident from 
the following experiment : 
rn 1.0 NaCl (15%) Cong. time 


(1) 2 c. o. 20. o. 8 b. o. 0 o. o. 1 minute. 
(2) “4 “4 25 minutes. 
(3) 0 8 120 „ 


In Exp. (2) above a coagulum was not produced until the lapse of 
25 minutes: but on adding a portion of (2) to an excess of water after the 
lapse of five minutes a fibrinous precipitate was produced. The actual 
change of fibrinogen into fibrin had occurred but the excess of sodium 
chloride in the medium kept the newly formed fibrin in solution. a 
point was even more evident in ex perimeiit 48). By dilution with 
water it was found that fibrin was present. after 10 minutes, but a 
visible coagulum was not evident until two hours had elapsed. Similar © 
experiments on the coagulation of fibrinogen, by kinase and calcitim 
chloride in the presence of sodium chloride show a similar effect to that 
described above. The solubility of the first formed fibrin in m 
chloride and its gradual transference into a modification relative, 
insoluble in this salt is of considerable interest. The fibrin oe 
formed from fibrinogen may be always thé same body, but -befére the 
stable state is reached the substance passes through a series df what * 
may be considered allotropic modifications, the degree of modification * 
being apparent by the relative g of the product in neutral 
salt solution. 

The influence of sodium chloride on the coagulation of fibrinogen - 
has been dealt with at some length since it is typical of the manner * 
in which neutral salts inhibit the coagulation of this substance. The 42 
complex nature of its action may be gabléped from the obser ‘ations that * 
it influences (a) the generation of ferment from p.othrombin, 
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(b) the action of fibrin ferment on fibrinogen, (o) the active destruction of 
prothrombin, and (d) the retention of the first formed fibrin in solution. 
The relative actions of neutral salts of various types on the coagu- 
lation of fibrinogen by fibrin ferment would be of interest. But in view 
of the complexity of the relations and the experimental difficulties 
involved the consideration of the problem has been delayed. 
Acids and alkalies. It has been previously stated that fibrinogen 
must exist in birds’ blood combined with the alkali present since it is 
not precipitated from the plasma on dilution with water. The investiga- 
tion of the action of acids and alkalies on the coagulation of fibrinogen | 
was important therefore to assist the solution of the major problem of ) 
the processes concerned in the coagulation of blood. : 
Sodium hydroaide. The following experiment shows the influgnce 


of sodium hydroxide on the — of es by kinase and \ 
calcium chloride : 1 
(Pg—8) (K) (Ca—8) (d) H,O Coag. time 4 
20.0. 10.0. "2 0.0. 0 0. o. 7 0.0, 84 minutes. 
2 5 
4 3 1 minute. 
5 2 2 minutes. 
6 1 34 ” 


In the case of caustie soda therefore we have a diphasic action on 

the coagulation of fibrinogen by kinase. From a consideration of the 
infldenoe of alkali on the generation of fibrin ferment from prothrombin 
is clear that the adjuvant action of the alkali is due to this cause. 
delay of the coagulation with larger quantities of alkali is due to 

two causes—with small quantities of alkali the retardation in the 
appearance. of the coagulum is due to its-solvent action on the newly 


3 “formed hibit with larger quantities (1500 NaOH) there is an active 


1000 
2 destruction of the precursor and ferment. 
The action of caustic soda on the coagulation of fibrinogen by fibrin 
ferment shows no diphasic effect comparable to that observed with kinase 


and calcium chloride: 
20.0. 1 ec, Des. 9 .o. minutes. 
* 


— 
* * 
'y 
so 
a 

5 

a 

4 
* 

2 Aa 

* 
* 
* 

122 8 » 6 

* 

> 5 6 
4 1 * 

2 

* 
| 
all 
‘ 
& 


COAGULATION OF BLOOD. 57 


The delay in the coagulation time is due to the solution of the 
newly formed fibrin with the alkali and to a destruction of the ferment. 

Hydrochloric acid. The influence of hydrochloric acid on the 
coagulation of fibrinogen is much more drastic than that observed with 
sodium hydroxide. The following numbers show its influence on the 
coagulation of fibrinogen by kinase and calcium chloride : 


6N 

HO} 1000 | 

(Pe—8) (K) (Ca—8) (e) H,O Coag. time 

2 0.0. 20.0. 20.6. 0.0. 6 6.0. 4 minutes. 
‘1 6 
2 “4 50 ” 
8 8 Blight coag. in 24 hrs. 
4 2 No coag. 


The influence of hydrochloric acid on the coagulation of fibrinogen 
by kinase is extraordinarily great, 8 HCl delays the onset of 
coagulation appreciably and 11555 HC! stops it. The importance of 


the observation lies in its application to the explanation of the non- 
coagulable state of the blood which often accompanies acid intoxi- 


cations. 
The following experiment shows the infiuetiae of hydrochloric acid 
on the coagulation of fibrinogen by fibrin fermebt N — 
(Fe—8) cen 1260 Cong. time 
2 0.0. 20.0. 0 e. o. Sec. T minute. — 
‘1 4 Iz minutes. 
3 5 Slight coag. in 1 
“4 No coag. 


consideration of the adjutant influence of * 
on the action of kinase and calcium chloride it appeared probable tbat 
the inhibitory influence of hydrochloric acid on the coagulation of A 
fibrinogen would have been due to a reverse effect on them. But the 
results above are similar to those obtaitiéd with kinase and calcium 
chloride. It is apparent therefore that the inability of kinase and Me 
calcium chloride in the presence of bydrochloric acid to clot fibrinogeiy 85 
solutions is due to the influence of the àeid on the ferment ooagulation * Fei * 
rather than on the generation of the Fertment from the prothrombin. 
It may be stated that concentrations of hydrochloric acid which prevent 
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the coagulation of fibrinogen by ferment do not destroy the ferment for 
a subsequent neutralisation coagulation occurs. 

Peptone. It bas long been recognised that the effect of peptone on 
blood in vitro is not comparable in order of magnitude to that observed 
when it is injected into the blood of a living animal. The following 
experiments were made to determine the influence of peptone on the 
coagulation of fibrinogen by kinase and calcium chloride : 


1% solution of Witte’s peptone in water = (p). 


(Fg—8) (K) (Ca—8) N. 0) Coag. time 
20. %%. 0. 2 0.0. 30. %%. 0.0. 4 minutes. 
2 2 5 33 ” 


From the above it is clear that peptone does not affect the coagu- 
lation of fibrinogen by kinase and calcium chloride, From the 
following experiment it is equally clear that it does not influence the 
coagulation of fibrinogen by fibrin ferment: 


(Fe—8) (Ff) H,0 Coag. time 
20.0. 2 0. o. 8 o. 0 o. 14 minutes. 
2 2 0 8 


It was possible that the effect observed when peptone is injected 
inte the blood might have been due to its action on some constituent 
of the plasma other than the fibrinogen. To test this possibility the 
coagulation of plasma by kinase and by fibrin ferment in the presence 
of peptone was tried. The following experiment shows the coagulation 
of plasma by kinase in the presence of peptone and alone: 


Plasma H,O Coag. time 
0. 0. o. 7e. e. 0 c.c, 1 minute. 
8 2 5 14 minutes. 


4 ‘ dane. experiment shows the coagulation times of plasma only 
und ee peptone had been added by fibrin ferment: 


* fame (p) . Coag. time 
2 c.c. 20.0. 80,0. 0 0.0. 4 minutes. 
2 4 ” 


„From the above it is evident that peptone in moderate quantities 
Lala not influence the coagulation of plasma or fibrinogen by kinase 

“and calcium chloride or by fibrin ferment in vitro. The effects observed 
therefore when peptone is injegtad into the blood stream must be due 
to the action of this substance on some tiseue.causing the production of 
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a second substance which influences the coagulation of the blood. The 
special properties of peptone blood will not be considered in this paper, 
but it is interesting to note that peptone blood can be most certainly 
obtained from a starving animal and that uncoagulable birds’ plasma is 
most easily obtained from fasting birds. It would appear therefore 
that peptone is not absorbed as such into the blood stream during 


The generation of fibrin ferment from prothrombin. 


The previous portion of this paper has been mainly concerned with 
an analysis of the effects observed when fibrinogen is coagulated with 
kinase and calcium chloride or by fibrin ferment. But one of the most 
important processes concerned in the coagulation of the blood is the 
generation of fibrin ferment from prothrombin—in fact so important is 
this process that without its primary occurrence blood would never 
coagulate. The phenomena observed when fibrinogen is coagulated 
with kinase and calcium chloride are necessarily a complex of two 
independent processes—the generation of the ferment from the 
prothrombin and the action of the fibrin ferment on the fibrinogen. 


In this section it is proposed to consider in — the generation of . 


fibrin ferment from prothrombin. 

One of the most interesting facts in the lation of fibrinogen is 
that if coagulation be induced by kinase and calcium chloride after the 
removal of the clot an active solution of ferment is left behind. If 
coagulation be caused by fibrin ferment a solution remains which. 
possesses no ferment activity but which ean be made extremely active 
as a coagulant of fibrinogen by appropriate means. In the following 
experiments the solution of prothrombin used was obtained after 
coagulating a quantity of fibrinogen “dissolved in TE" 20 by a2 


minimal quantity of fibrin ferment. This solution is 6 in the 25 


following tables as Pt. 
The ferment activity of the raven solution. 


(Pt) H. O 


20.0 8 0.0 8 00. Aint # hy 


The solution (Pt) therefore may bei as ren ge. only a a 
trace of fibrin ferment. 
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* neration of the prot bin solute by 

| (a) Kinase and calcium chloride. 
The following solution of prothrombin, kinase and calcium chloride was made. 


(Pt) (K) {Ca—8) 1.0 
2 0. o. “4 6.0, "2 0.6. “4 0.0. = Solution (I). 


After varying times of incubation at 30° C. the ferment strength of this solution was 
tested by adding definite volumes of it to fibrinogen solutions. 


Coag. time Tested after 
206. “4 0.0. € 0.6. s minutes 5 minutes. 
2 “4 6 
2 2 8 8 20 „ 

2 9 0 „ 


From the above experiment the gradual generation of fibrin ferment 
from the prothrombin by the action of kinase and calcium chloride can 
be seen. In this solution of prothrombin, kinase, and calcium chloride 
the full ferment activity was not obtained until after 20 minutes’ 
incubation of the mixture at 30° C. af 

(6) Kinase only. 5 c.. of kinase solution was added to 2 cc. of 
prothrombin solution and the mixture incubated at 30°C. There was 
no sign of any generation of fibrin ferment. From this it follows that 
the production of fibrin ferment from prothrombin is intimately 
connected with the presence of the divalent calcium ion. 

(e) Calcium chloride only, Since prothrombin did not yield fibrin 
i ap when acted upon by kinase only, the interesting question arose 
* o whether calcium chloride alone could produce this effect. It may 

“s"@berstated that when calcium chloride is added to a prothrombin 
““ygolution fibgiy ferment is always generated but with varying degrees of 
Tapidyyy wine cases, as in the one given below, the change of 
prothrombin info, fibrin ferment under the influence of calcium chloride 

; takes days to complete itself. From this it is probable that calcium 

chloride alone would not cause the production of fibrin ferment from 
prothrombin, but that when this does happen the occurrence is due to 

N the concomitant presence of a small amount of kinase in the pro- 
ang ombin solution. The relation of calcium chloride to the coagulation 

e fibrinogen solutions has béen considered above, and it has been 
S tated that although in every dase coagulation occurred yet the varying 
* degrees of rapidity of coagulation suggested that the effects observed 
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were due in these cases.also to the presence of a trace of kinase in the 
fibrinogen solution. 


2 0.0. (Pt)+°2 c.c. (Oa—S). Solution X'. 
Aner at ©, for some tie the ferment cue the 


(Fg—S8) Coag. time 

20.0. 2 0.0. Blight coag. in 2 hours. Tested after 90 minutes. 
2 2 Slight coag. in 30 minutes. Tested after 3 hours. 

2 2 8 minutes. Tested after 2 days. 


The probability that kinase alone or calcium chloride alone would 

not generate fibrin ferment from prothrombin raised the further 

question whether any inorganic substance could take the place of 

kinase. 
(d) Sodium hydroxide and calcium. chloride. 

The following mixture of prothrombin, sodium hydroxide and calcium chloride was 
made. 
| 2 0.0. Pt 0.0. (Ca—S) +-2 0.0, NaOH (000) * 60.0. H,O=X", 

After various times of incubation at 30° C. the ferment activity of the solution X“ was 


(Fe—8) Cong. time 

20.0. 40. 0. 8 0.0. 8 minutes Tested after 15 minutes. 
” ” ” % „ 
” ” 1} ” ” ” 40 ” 


The extraordinary influence of sodium hydroxide on the production 
of fibrin ferment from prothrombin by calcium chloride .may 
estimated from the fact that the same prothrombin solution whel 
treated with the same amount of calcium chloride only, showed no aga 
of ferment activity after the lapse of two hours’ incubation. .. This “ 
result suggested the testing of the en of sodium. bydtoia h on 

prothrombin solutions. 8 


(e) Sodium hydroaide only. 
Me mir of wom hse wa made 
at 30° C. 


After varying times the ferment activity he this solution was 1 
There was no generation of fibrin ferment. 
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Hydrochloric acid and caleium chloride. 


The increased coagulating activity of serum after treatment with 
acid or alkali and subsequent neutralisation has been noticed by a 
number: of observers but special prominence was given to the subject 
by Morowitz™. He named the substance produced in the serum by 
the action of the acid and alkali metathrombin. The special properties 
of this metathrombin will be considered later, but the approximately 
equal ability of acid or alkali to p it in serum suggested that 
acid and calcium chloride might generate fibrin ferment from pro- 
thrombin in a way analogous to that shown by alkali and calcium 
chloride. 

The following solution of prothrombin, hydrochloric acid and calcium chloride was 
made. 
2 c.c. Pt) 2 0.0. HCl (1656) +8 H,0 + 2 0.0. (Ca—8). 


After incubating at 30°C. for some time this solution showed no 
sign of containing any fibrin ferment when added to fibrinogen solutions. 
Therefore so far as the production of fibrin ferment from prothrombin 
by calcium chloride is concerned acids are unable to take the place of 
alkalies. It may be stated that hydrochloric acid alone does not cause 
the production of prothrombin from fibrin ferment. 

From the above then it is clear that fibrin ferment is most readily 
produced from prothrombin under the combined influence of kinase and 
calcium chloride. The action of the kinase and calcium chloride on 
the prothrombin is not instantaneous but a definite time factor is 
involved. This time is influenced by the relative amounts of kinase 
ati calcium chloride present, and probably the varying times of coagula- 
jon observed when varying amounts of kinase and calcium chloride 


ber ferment’ from the prothrombin present. The slow 


prod ‘fibrin ferment’ from prothrombin under the apparent 
ee ‘intidfice of calcium chloride only has been suggested to be due to tlie 


ooncomitant presence of traces of kinase. But the extraordinary 
inflyence of alkali on the production of fibrin ferment from prothrombin 
“by: ‘salcium chloride suggests in turn that calcium chloride alone can 

uce the change. From a consideration of the properties of kinase 


me wa be that the alkali is capable of assuming in a diminished degree 


8 * ithe properties of kinase and so be capable of replacing it in the process 


of generating fibrin ferment from prothrombin. It is interesting 


— > 
“Ja 
A 
* 
> 
* 
* 
2 
¥. 
= 

4 1 

. 
ki 
4 
* 

‘ 
4 
* 
* g 
> 
%, 
* 
* 7 ov q 
4 
L 
4 
4 y 
„„ 


COAGULATION OF BLOOD. 63 


to note that the adjuvant influence of alkali in the action of calcium 
chloride on prothrombin is much more pronounced than the action of 
alkali in the coagulation of fibrinogen either by kinase and calcium 
chloride ot by fibrin ferment. 

Effect of paraffined tubes. Ove of the most remarkable methods of 
obtaining non-coagulable blood was described by Freunden. This 
observer found that on bleeding mammals from the carotid artery by 
means of paraffined cannule into paraffined vessels blood was obtained 
which after long continued centrifuging yielded a comparatively stable 
plasma. From a series of experiments on this plasma the deduction 
was made that contact with a foreign body was necessary to initiate 
the production of fibrin ferment from prothrombin. The possession of 
a prothrombin solution allowed this deduction to be accurately tested. 

A mixture of prothrombin, kinase’ and calcium chloride was made 


in a paraffined tube, all the necessary procedures being carried out with 


paraffined pipettes. The prothrombin solution contained no fibrin 
ferment since it did not coagulate a fibrinogen solution. After five 
minutes’ incubation of the prothrombin kinase mixture at 30° C., its 


activity was tested on a fibrinogen solution contained in a paraffined 


tube. ‘1 c. of the incubated mixture coagulated 2 c.c. of fibrinogen 
solution in half a minute—ze., a large amount of fibrin ferment had 
been generated from the prothrombin by the action of the kinase and 
calcium chloride in the paraffined tube. The absence of coagulation in 
blood obtained according to Freund’s method does not therefore depend 
upon the absence of some foreign body, thé presence of which is 
necessary to initiate the formation of fibrin ferment from the i 


THE COAGULATION OF PLASMA. N * 


By ferment. In the previous "pages the 


have been mainly concerned with thé action of fibrin ferrite 


fibrinogen. But to elucidate the factors concerned in the en | 


of blood it is essential that these observations should be extended to 
the action of fibrin ferment on plasma The preparation of a stable 
birds’ plasma allows these observations to be readily made. The 
following experiment shows the comparative rates of coagulation of. 


ferment. The concentration of fibrinogen. in the sodium chloride was 
approximately the same as that in thé plasma. 


fibrinogen dissolved in sodium chloridefand birds’ plasma, by fibrin, . 
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The coagulation of fibrinogen by fibrin ferment. 
(Ft) 1.0 Coag. time 


20.0. 1 oc. o. 8 minutes. 
2 8 | 
8 
“4 6 1 minute. 
The coagulation of birds’ plasma by fibrin ferment. Plasma= Pl. 
Pi (Ff) H,0 Coag. time 
20.0. 10.0. 9 0.6. 5 minutes. 
2 8 989 
“4 6 11 „ 


By comparing the above results it is clear that fibrin ferment 
coagulates fibrinogen dissolved in sodium chloride more readily than : 
birds’ plasma, The observations that fibrinogen exists in birds’ plasma f 
combined with the alkali present, and that small quantities of alkali 13 
assist the coagulation of fibrinogen by fibrin ferment, indicated that the | 
contrary result, would have been obtained. The simplest hypothesis to 
account for the divergence between the theoretical and observed results 
was that there existed a body in plasma which inbibited the action of 
fibrin ferment on fibrinogen. This hypothesis was supported by a 3 
variety of facts observed in later experiments. 1 


was obtained by allowing a quantity of blood to coagulate and the serum 


— This serum was diluted with an equal volume of water and 5 c.c. of ferment 3 . 
were added to 5 o. d. of the diluted serum. 
fallowing resals shows the sotivity ofthe original ferment solution. 

1 9 

en at 30°C. 


- 
2 20 inoubation 


7 
4 
| 
| 
7 
2 8 0.0. 40 minutes. 
6 16 „ * 
8 2 i. 
N. After 30 minutes’ incubation. 
2 c.c. 6 0. o. 40.0. 80 „ 
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The above results show the striking disappearance of fibrin ferment 
from solution when mixed with birds’ serum. After 10 minutes’ incuba- 
tion with an equal volume of serum the ferment content of 8 de. of the 
mixture was less than that of ‘1 c.c. of the original ferment solution, 
Further, the disappearance of the ferment was related to the length of 
time which had elapsed since the mixing of the ferment with the 
serum. Thus after 10 minutes’ incubation of the ferment serum 
mixture 6 C. of this mixture coagulated the fibrinogen solution in 10 
minutes; but after the lapse of 30 minutes, the same quantity of 
ferment serum mixture required 80 minutes to coagulate a similar 
fibrinogen solution. 

All the properties of the substance present in serum which inhibits 
the action of fibrin ferment on fibrinogen indicate that it is of the 
nature of an anti-fibrin-ferment. The postulation of such a substance 
has long been considered necessary to explain the varied phenomena 
obseryed when blood coagulates. Alexander Schmidt stated that 


all cells contained two substances—zymoplastic substances which 


assisted the coagulation of blood and cytoglobin which inhibited this 


coagulation. The physical property which enabled these substances 


to be separated from cells was their solubility in alcohol—the 
former substances were soluble in this solvent, the latter insoluble. 
The properties of zymoplastic substances and cytoglobin will be 
considered more fully when dealing with the properties of kinase. 
Conradi™ found that on autolysing tissues substances were present in 
solution which hindered the coagulation of blood. Morowitz® 
deduced that anti-bodies were present in blood from the diffi 


experienced in producing coagulation in oxalate or fluoride blood om 


adding serum or small quantities of ferment. (It may be stated that 


his difficulty depended upon the fact that serum contains practically no +. 5 
fibrin ferment and that themsual preparation of fibrin decent gore * * 


mainly of kinase and al chloride.) 

But the direct observations that fibrin anal 3 
less readily than fibrinogen solutions and that very ade 
quantities of fibrin ferment are quickly neutralised by adding serum to 
it afford the most adequate proof of the presence of anti-fibrin-ferment - 


in plasma. And since plasma contains considerable quantities. of = 


ferment’ the question arises. why coagulation occurs when fibrin ferment) 


is added to it. The answer to this question depends on the relatives 


this pape since iis he only 
of this type referred to. 
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affinities of fibrinogen and anti-ferment for fibrin ferment. One of the 
most striking observations in the preparation of fibrinogen is the way 
in which fibrin ferment clings to the precipitated fibrinogen. The 
plasma from which the fibrinogen is prepared may show no signs of 
coagulation when used. But if this plasma is not quite stable, i. e., if it 
does ultimately coagulate, then the fibrinogen prepared will coagulate = | 
spontaneously. The small trace of fibrin ferment in the original 7 
plasma—a quantity of ferment so small that it takes hours to produce | 
coagulation in the original plasma—is associated with the fibrinogen so 
that whenever precipitation of this substance occurs the ferment is 
carried down with it. This extraordinary affinity of fibrinogen for 
fibrin ferment is the cause of the coagulation of plasma when ferment | | 
is added to it. On adding ferment to plasma the fibrinogen immediately 
seizes hold of it so that it is effectively protected from the anti-ferment 
present, But that the anti-ferment neutralises some of the added 
ferment and that all of it is not immediately attached to the fibrinogen 
is clear from the observation that plasma coagulates less readily than 
fibrinogen solutions when equal quantities of fibrin ferment are added | 
to each of them. The relative quantities of ferment taken up by the 
fibrinogen and anti-ferment in plasma will be of the same order as the “a 
times which elapse between the taking up of this ferment by fibrinogen 
and by anti-ferment. In the previous experiments it has been shown 
that all the anti-ferment has not combined with the available ferment 
after 10 minutes’ incubation at 30°C. This relation of fibrinogen and 
anti · fh ſerment to fibrin ferment supplies an interesting commentary 
on the present theory of the neutralisation of toxins by antitoxins. 
n this theory, the neutralisation of a toxin by an antitoxin is of the ; 
| Ys of a physical process and depends on the adsorptive affinity of . 
* the toxin for the antitoxin. The facts observed with fibrin ferment, ig 
2 fibrinogen * anti-ferment do not support this view. Fibrinogen has 


— — 


a muh sim ity for fibrin ferment than anti-ferment has for it, 
and“ the of fibrinogen-fibrin ferment adsorption compound 
petipitst vation of the ferment from the neutralising action of 
the Inti-fe 


wpresent. Yet this fibrinogen-ferment adsorption 
can be readily broken down by alcohol and fibrin ferment 
in solution. Also although anti-ferment combines 


- . 1 und so formed has all the properties of a single substance. 
1 By mo dans is it possible to break down the ferment-anti-ferment 
| 50 as to obtain an active ferment solution. From these 
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experiments it is clear that with fibrinogen and ferment we are dealing 
with a physical adsorption—the union being sufficiently intimate to 
prevent the destruction of the ferment, but not such as to inhibit its 
free ferment properties; whilst with anti-ferment there is a definite 
chemical union of the anti-ferment with the ferment forming a new 
substance from which the original ferment cannot be split off. 

The coagulation of plasma by kinase. The phenomena observed 
when plasma was coagulated with fibrin ferment suggested an inquiry 
into the processes which occur when coagulation is caused by kinase. 

The following experiment shows the comparative activity of kinase 
as a coagulant of bird plasma, and fibrinogen dissolved in sodium 


chloride : 
(A) The coagulation of fibrinogen by kinase and calcium chloride, 
(Fg—8) (K) (Ca—S) H,O Coag. time 
2 c.c. ‘Le.c. 20 0. 0.0. 9 minutes. 
2 6 8 „ 
5 
4 4 8 
5 3 N „ 
(B) The coagulation of plasma by kinase. 
(PI) (K) H,0 | Coag. time 
2 0. 0. 025 0. 0. 975 0. 3 minutes. 
1 9 
2 8 11 „ 2. 


The fibrinogen contents of the plasma and the fibrinogeg golution 
were approximately the same. The experiment shows how mu more 
effective kinase is as a coagulant of plasma than. of fibrinogen dissolved . 

in neutral salt. The results, contrary to those obtained in simila?” 
experiments with fibrin ferment, are quite in accordance with the facts * * 
previously stated. In plasma the fibrinogen is held in solution combihed ~ 
with the alkali present and it has been previously show alkali * * 
has a powerful adjuvant action on the ooagulatig 2 ger ; 
kinase and calcium chloride. The results, cond 
there is no anti-kinase in birds plasma. A further int 

is that in plasma the prothrombin is intimately / nete 
If it were not so a portion of the fermen 
from the prothrombin by the action of the kinase and | 
would be neutralised by the anti-ferment present in the plasmas and 
increased action of kinase on the plasma compared with thab on * 
fibrinogen solution would not have been 60 marked. In the. 1 5 of. 
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have been assumed to be of the type which ensues when ferments are 
carried down with substances precipitated in solutions of them. 
Although kinase coagulates plasma more readily than a solution of 
fibrinogen in sodium chloride yet the expressed fluid shows a much more 
marked ferment activity in the latter than in the former case. In the 
above experiment the fluid was expressed from the fibrinogen clot and 
the seram from the coagulated plasma. The comparative ferment 
activity of these two fluids may be gauged from the following experiments: 


Solution from A, t. e., fibrinogen coagulated by kinase = Ff’, 


(Fg—8) Fr’ HO Coag. time 
2 0.0. *1 0.0. 9 c.c. 8 minutes. 
2 8 
Serum from B, i.¢., plasma coagulated by kinase= Ff”. 
(Fs—S) rr” H,0 Coag. time 
2 6.0, 2 0.0. 8 6.0. 8 minutes. 
4 6 


This experiment affords an additional proof of the presence of an 
anti-fibrin-ferment in plasma. 

It is evident from the previous results that plasma does not contain an 
anti-kinase corresponding to anti-fibrin-ferment. The direct proof of the 
‘absence of anti-kinase in plasma may be most easily obtained by adding 
kinase to serum and determining the coagulative activity of this serum 
on fibrinogen solutions. But before describing this experiment it may 
conduce to the clearness of the subject, if the statement of Morowitz, 
that the ferment activity of serum is greatly increased by adding tissue 

“extracts to it, be first discussed. 
The initial coagulating agent of blood obtained from an animal in 
the usual way is undoubtedly kinase. Whether the kinase is obtained 


f *. from the injured tissues from which the blood escapes or whether it 


origifiates inom the cells of the blood is a matter of indifference so far as 
the present concerned. The liberated kinase in conjunction 
wife the calcium saits contained in the blood acts on the prothrombin 
‘andt@engrates fibrin ferment. The first formed fibrin ferment causes the 
fibrinogen to coagulate and the ordinary phenomena of coagulation 


* 


* @iscoms evident. But there is no reason to assume that the kinase and 


iam ‘salts cease their action on the prothrombin as soon as an evident 


A alot ocotts—in fact if no definite proof of the existence of an anti-kinase 


an can be adduced it is clear that the generation of fibrin ferment 
from the prothrombin will go on until all the prothrombin is exhausted. 
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This continued formation of fibrin ferment will not become evident since 
there is a large excess of anti-ferment present in the serum (the quantity 
of anti-ferment present in cockerel’s serum is equal to about five times 
the quantity of ferment which is liberated from the prothrombin) which 
rapidly neutralises the ferment formed. The rapid disappearance of the 
ferment properties of serum after the coagulation of blood was noted 
by Schmidt and has been confirmed by numerous observers. The 
question then arises as*to the explanation of the experimental results 
on which the statement of Morowitz exists. The most probable 
explanation of his results is, that the coagulative phenomena observed, 
when serum to which tissue extracts had been added was used as a 
coagulant, were due to an excess of kinase in the serum. Serum contains 
an optimum quantity of calcium salts so far as the action of kinase on 
prothrombin is concerned. If then this kinase serum mixture were 
added to plasma (no indication has been obtained that any plasma 
however treated does not contain prothrombin). the combined action of 
the kinase and calcium salts would generate fibrin ferment from the 
prothrombin present and coagulation would ensue. The coagulation of 
fibrinogen solutions would likewise be due to the action of the kinase 
and calcium salts on the prothrombin which i is always associated with 
the fibrinogen however precipitated. 

From a series of careful experiments no evidence has been obtained 
that serum prepared from blood which has been allowed to coagulate 
spontaneously contains a large quantity of prothrombin. The accurate 
determination of this point demanded two essential conditions (a) that 
only a minimal quantity of kinase should be added to the serum and (b) 
that the coagulant should be fibrin ferment and not kinase. To 
determine the first point a solution of kinase was made and the minimum 
quantity of it necessary to coagulate a fibrinogen solution to which af 75 
optimum quantity of calcium chloride had been added was determined. A 
This quantity was then added to a quantity of serum cο ing in 
volume to the fibrinogen solution used. In every which 
even a minimal amount of kinase had been added 4a y coagulated . 
a fibrinogen solution. The question then arose whether the oo gion 
which had arisen was caused by fibrin ferment liberated from . 
present in the serum by the added kinase, or by the kinase itself 
conjunction with the calcium salts present. This probfs i 
solved, It has been previously shown chat if fibrinogen be e oy 
by kinase and calcium chloride an active’ fertnent solution is Jett t 
that if the coagulant be fibrin a of 
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with no evident ferment properties remains. Therefore to determine 
the second point the expressed fluid, obtained after coagulation, was 
tested to determine its ferment activity. 

The influence of serwm on kinase. Birds’ serum was obtained from 
blood which had been allowed to coagulate spontaneously (S) The 
activity of the kinase solution was first determined. This activity is 
shown in the following experiment: 


(Fg—S) (K) (Ca—S) H,0 Coag. time 
20.0. 1 0.0. 2e. o. e. 7 minutes. 
2 6 
The activity of the serum was then tested on a fibrinogen solution. 
(Fs—8) (Ca—S) (8) H,O Coag. time 


0. 20,0. 8 0.0. II minutes. 


From this it will be seen that the serum had a small coagulating 
activity. This activity was due to some kinase being present in it since 
the fluid expressed after coagulation contained fibrin ferment. 


incubated at 80° 0. 
tested on a fibrinogen solution. 


180 (e) H. 0 Cong. time Tested after 
20. e. 4e. e. 20.0. 4e. e. 24 minutes 5 minutes. 
24 ” 15 
3 ” 80 ” 
3 ” 60 ” 
8 90 
5 * 2 


. the die experiment a number of meni deductions may 

* made. In the first place it is clear that serum contains no anti- 
“kinase corresponding to anti-ferment. 2 c.c. of kinase alone coagulated 
20e. of 4ibrinogen in three minutes; the same amount of kinase contained 
in agerum Kinase mixture (is., 4 de.) coagulated the same quantity of 
Abies in in A minutes. The serum therefore had slightly increased the 
coagpiating activity of the kinase. This slight increase was probably due 
to the kinase contained in the serum. In the second place it is evident 
SEW the addition of kinase to the serum did not enormously increase the 
ltivity of the serum—in fact the value was scarcely 
affected, The ‘serum therefore did not contain a large quantity of 
* prothrombin which had not been transformed into fibrin ferment during 


ee And finally although kinase is 
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not neutralised in serum by an anti-kinase corresponding in activity to 
anti-fibrin-ferment yet there is a slow disappearance of it. In the above 
experiment this disappearance was at such a raté that after 20 hours 
the coagulation times of comparative experiments had increased from 24 
minutes to five minutes. The importance of this last observation will be 
discussed when the generation of metathrombin from inactive serum by 
acid or alkali is considered. It may be mentioned that the slightly 
increased activity of the kinase when added to serum was not due to 
fibrin ferment being liberated from a small quantity of prothrombin 
contained in the serum, since the activity of the kinase serum mixture 
remained approximately constant for two hours. 

The results obtained above raise the further question as to the fate 
of prothrombin when present in serum. It has been shown that when 
serum is obtained in the ordinary way from blood which has been in 
contact with injured tissues the amount of prothrombin in it must be 
negligible, since the kinase and calcium chloride continue to generate 
fibrin ferment from it after coagulation has occurred and the fibrin 
ferment so formed is rapidly removed by the anti-ferment present. But 
if blood has been coagulated by fibrin ferment—a mode of coagulation 
which may arise in the body in places remote from the seat of the initial 
lesion—prothrombin must be liberated and the problem arises as to the 
fate of this liberated prothrombin. It might be argued that the pro- 
thrombin would certainly continue to exist in the serum since it already 
exists in the circulating plasma. But this statement would omit the 
fact that the prothrombin in all probability exists in the plasm in close 
union with the fibrinogen, and it has already been shown that such a 
union of fibrin ferment with fibrinogen effectively prevents the 
neutralisation of the ferment by the anti-ferment present in the plasmay ff 
A similar property of the fibrinogen might readily protect the pros a4 
thrombin from an anti-prothrombin present in the Sit ae The followings 
experiment permits the question to be settled, * 

5 C. c. of plasma were coagulated by I ¢.c. of fibrim, this 
way the prothrombin was liberated from the: fibtivd Fand since “ho 
kinase was added this prothrombin should have continued to — the 
serum if no anti-prothrombin were present. The serum was expressed 
from the coagulated plasma and tested after four hours. 3 
activity of the serum was first tested on a fibrinogen. solutig 

This experiment clearly shows two facts (a) that prothiron bam 16 
neutralised in serum by an antibody when Iberated in it, 


when this prothrombin generates fibrin ferment de 
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kinase the fibrin ferment so formed is rapidly neutralised by the anti- 
ferment present. The presence of the prothrombin in the serum after 
four hours is shown by the large increase of its coagulating property 
after adding kinase to it. The rapid neutralisation of the ferment so 
formed by the anti-ferment present in the serum is shown by the large 
8 u. 
2 0.0. 20.0. 8 6.0, No coagulation occurred, 


To 1 ¢.c. of the serum 1 e. e. of kinase was now added and the ferment activity of the 
kinase serum mixture (= 80 tested after various times on a fibrinogen solution. 


(Fe—8) HO Coag. time Tested after 
2 0.0. 2.0. 8 0.0. 10 minutes 1 minute. 
8 minutes. 
4 „ 8 „ 
6 7 
80 „ 10 „ 
90 ” 15 * 


difference in the coagulation time when the activity of the serum was 
tested after three and fifteen minutes respectively. These results show 
that if the amount of prothrombin im a serum is to be determined the 
coagulating activity of the serum must be tested almost immediately 
after the kinase has been added to it. In the above experiment a 
condition of dynamic equilibrium between the two antagonistic 
processes—the production of fibrin ferment from the prothrombin by 
the kinase, and the neutralisation of the fibrin ferment by the anti- 
ferment—occurred about four minutes after the kinase had been added 
to the serum. The non-observance of the above precaution would 
=» entirely vitiate any deductions which Morowitz made on the amount 
e prothrombin present in various sera, when tested by the coagulating 
Astivity of these sera after adding tissue extracts to them. 


i un PROPERTIES OF SUBSTANCES WHICH INFLUENCE THE 


vs nin. fe In the experiments previously described the fibrin 
ferment was always obtained by coagulating a solution of fibrinogen by 
ed esleium chloride and expressing the resultant fluid from the 
(Sietaiter.complete coagulation. The activity of the ferment solution 
eee varied in degree according to the concentration of the 
„ Bbrinogen solution’ as has been originally shown. If a 


— 
dom paratively concen solution ; 
of fibrinogen were used the 
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activity of the derived ferment solution was often of such a strength 


_ globulin in (B) was dissolved by adding a little sodium chloride. Total volume of B=3 0. 0. 
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that 01 c.c. of it would coagulate 3 C.. of a 1% fibrinogen solution in 
a few minutes. The properties of fibrin ferment have been determined 
by analysing the effect of various procedures on this ferment solution. 
The solution obtained after removing the clot from a coagulated 
fibrinogen solution contains globulin. This fact is easily demonstrated. 
If the original fibrinogen were dissolved in sodium chloride dilution 
with water or dialysis against distilled water readily showed the 
presence of globulin in the liquid left after coagulation. If the solvent 
of the fibrinogen were dildte alkali preliminary neutralisation with 
dilute acid was required. 

The first point to settle was the relation of the fibrin ferment to the 
globulin. The zymoplastie properties of Schmidt's serum globulin 
suggested that the ferment properties of the solution were due to the 
globulin contained in it. But a few simple experiments showed the 
erroneous nature of this conclusion. The problem was attacked in two 
ways. (a) A suspension of globulin was obtained by precipitating the 
original ferment solution with an excess of distilled water. (b) A 
solution of ferment free from globulin was obtained by dialysing the 
original ferment solution for two days against. distilled water and 
filtering off the precipitated globulin. 


(a) The precipitation of a fibrin ferment solution with distilled water. 

10 C. c. of water were added to 5 e. o. of a ferment solution; the precipitate was allowed 
to settle and the clear supernatant fluid was then poured off. Two liquids were thus 
obtained (A) clear solution, (B) a solution containing globulin in suspension. The 


If the globulin present in the ferment solution was the ferment itself, then the solution (B) 
Bat if the ferment was not associated with the globulin the solution A should possess 
third of the activity of the original ferment solution (5:15). The activities of thé 
various solutions were tested on a fibrinogen solution. 
; Activity of the original ferment solution - Ft. 


(Fs—S) (Ff) . 
20. 0. 1 0.0. 190.0. 
* 
Activity of B. ; 
(Fe—8) B 76 NaCl 


20. 1 0. o. 19 e. o. 
0 5 15 
vity of A. 
(Fe—8) A N 
20.0. 3 0.0. 17 c.c, 
16 
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From the above it is clear that the ferment is not associated with the globulin and that 

the activity of the solution (B) in which the globulin was suspended depended upon the 

portion of the clear solution (A) associated with it (of. X and X’). 

(b) The dialysis of a fibrin ferment solution against distilled water. 

A solution of fibrin ferment was dialysed in u mall parchment capsule against distilled 
water for two days. The precipitated globulin was filtered off and the volume of the clear 
dialysed solution was restored to its original value. A portion of the original ferment 4 
solution was kept under precisely similar conditions as regards light and temperature as 8 
the dialysed ferment solution. „ 


Activity of fermert solution = Ff. 1 

2 ‘Lee. % 1} minutes. 

2 8 minute. 

Activity of dialysed ferment solution = Ff’. 2 
(Fr) H,0 Cong, time 

2 b. o. ‘loc, 9 0.0. 1} minutes. 
2 8 24 90 
The ferment activity of the separated globulin was practically 4 


negligible. Therefore it is clear that the coagulating activity of the 
crude ferment solution was not associated with the globulin contained 
in it and that the solution contained two distinct bodies, (a) fibrin 
ferment, (6) globulin. The relation of this globulin to the original 
fibrinogen and the processes concerned in its coagulation will be 
considered later. From the above it also follows that if the globulin 
contained in ‘the crude ferment solution is identical with that which 
occurs in serum then the zymoplastic properties of Schmidt's serum 
_ globulin are not due to admixed fibrin ferment. 
The experiment showing the relation of dialysed to undialysed 
ferment solution brings out another property of fibrin ferment, namely, 
* 4 it dialyses slowly. The activity of the undialysed ferment solution 
5 twice as great as that of the dialysed solution although both had 
been kept at precisely the same conditions as regards exposure to air 
and temperature. In two days therefore there was a loss of 50% of the 
ſerment diglysis—the loss being apparently due to the dialysis of the 
fert deo the diatilled water. This capacity of the ferment to pass 
throtigh a” parchment membrane still further differentiates it from the 
globulin dutained in the original ferment solution and indicates that 
its midlecular size corresponds to that of a peptone. The deterioration 
“of ferment Solutions is not marked if they are kept under such conditions 
4s prevent putrefactive bacteria gaining access to them. Thus 2 c.c. of 
1 as ent solntion coagulated 2 c. of fibrinogen in one minute. After 
the same of ferment solution coagulated the same 
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quantity of fibrinogen in 14 minutes. The comparative stability of 
fibrin ferment solutions exposed to light and air is interesting when 
compared with the corresponding properties of prothrombin and kinase. 

Fibrin ferment is usually stated to be very susceptible to heat and 
to be destroyed at the same temperature .at which fibrinogen is 
coagulated, namely 56°C. The effect of heat on the activity of 
undiaiysed and dialysed ferment solutions was determined. The 
obvious result was that the temperature of destruction of fibrin ferment 
depended not only on the temperature to which it was exposed but 
also on the length of time which it was exposed to that temperature. 
Portions of a fibrin ferment solution were heated to various temperatures 
and kept at these temperatures for five minutes, After the lapse of 
this time the ferment solutions were cooled and their activities tested 
on fibrinogen solutions, The experiments showed that at 50°C. there 
was no loss of ferment activity, but that between 50°C. and 60°C. there 
was a gradually increasing loss until a solution of ferment heated to 
60°C. for five minutes entirely lost its activity. At the lower tempera- 
ture the loss of ferment activity was not associated with any appearance 
of protein coagulation, but at 60°C. the disappearance of ferment 
activity synchronised with the appearance of à flocculent. protein 
coagulum. The effect of temperature on a dialysed ferment solution 
was practically the same as that on an undialysed ferment solution. 
At 50°C. there was no ferment loss and at 60°C. the ferment was 
destroyed. The destruction of the ferment activity of a dialysed 
solution at 60°C. (the same temperature at which the undialysed | 
solution is destroyed) suggests that the ferment molecule is not affected 
by ionised salts. In this respect it differs markedly from solutions 
kinase, the effect of heat on which is considerably influenced by tl 
amount of electrolytes in solution. 

Schmidt's method for the preparation of fibrin ferment 1 
upon the coagulation of serum proteins by a large excess of alcohol and 
the subsequent extraction of the precipitated protein 7 water after 
removing the alcohol. The possession of a com simple fibrin 
ferment solution allowed the action of alcohol ‘én fibrin en to be 
accurately tested. 10 C. of alcohol were added to 5 of fibrin 
ferment solution and the resulting mixture was kept in an ice. chant 
24 hours. At the end of this time the precipitate was Wiek * 
distilled water and allowed to digest at 87°C. for ‘an “heli, The 
activity of the resultant clear liquid was about one half of the — 5 
ferment solution. te Pe that ‘there was no glo 
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the latter solution since distilled water only was used as a solvent. 
The experiment showed that fibrin ferment is precipitated by alcohol 
and only comparatively slowly destroyed by it. To test this point still 
further 5 C. of fibrin ferment solution were precipitated with 20 c.c. of 
alcohol and left for fourteen days at room temperature. At the end of 
this time the precipitate was filtered off and suspended in water. After 
extraction at 30°C. for two hours the precipitate was filtered off and a 
perfectly clear solution obtained. The following experiment shows the 
comparative activities of the original ferment solution and the solution 
obtained after extracting the alcohol precipitate with water. 


G- Orig. ferment H,0 Cong. time 
2 0.0. o. 8 0. 0. 1 minute. 
(Fg—8) Alcohol ferment Coag. time 
2 0.0. 1 0.0. 8 minutes. 


There had therefore been a considerable loss of ferment activity, but 
even after fourteen days’. exposure to alcohol some ferment soluble in 
water remained. The solution gave only slight protein reactions. 

The relation of fibrin ferment to fibrinogen and fibrin has already 
been considered. Its fate when liberated in serum has also been dealt 
with. The nature of the compound formed when fibrin. ferment 
combines with anti-fibrin-ferment will be more fully discussed when the 
properties of anti-fibrin-ferment are considered. 

Prothrombin. The properties of prothrombin were investigated in 

a solution obtained after the removal of the fibrin from a solution of 
_ fibrinogen coagulated by fibrin ferment. It has been previously shown 
chat such a solution contains a quantity of prothrombin proportional to 

£ concentration of the original fibrinogen suspension, but no fibrin 
rment. Also the laws which govern the generation of fibrin ferment 
from this prothrombin have been considered. A solution of prothrombin 
contains globulin in a quantity equal to that contained in a similar 
solution of fibrin ferment obtained after coagulating a corresponding 
fbringgen volution by: kinase and calcium chloride. That the pro- 
et associated with this globulin may be shown in a way 
Simi n described for fibrin ferment—by precipitation with an 
excess of. stilled water or by dialysis. It may be remarked that the 

atij,ù, Of both prothrombin and fibrin ferment with fibrinogen and 

e aistion of these bodies with the globulin remaining after 

* hers Coagulation of the fibrinogen point to the conclusion that the 

— properties of the 
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fibrinogen rather than upon its physical properties which are common 
to all globulins. 

Prothrombin possesses properties very similar to those of fibrin 
ferment, the main difference being that it is much more easily 
decomposed. The effect of exposure to light and air and dialysis 
against distilled water is shown in the following experiment. 

A quantity of prothrombin solution was divided into two equal 
portions. The first portion was placed in a corked test tube and 
exposed to the conditions existing in a room for two days. The second 
portion was placed in a parchment capsule and dialysed against a large 
volume of distilled water in the same room for the same period of 
time. After this procedure the two prothrombin solutions were made 
up to equal volume. The fresh prothrombin solution was proved to 
contain a large quantity of prothrombin by adding kinase and calcium 
chloride to it and testing the activity of the resultant ferment solution. 
After two days’ exposure to the conditions obtaining in a room the 
amount of prothrombin in the first solution was almost negligible. 
When acted upon by kinase and calcium chloride such a solution was 
seen to possess about one-twentieth of the ferment activity of the fresh 
prothrombin solution after corresponding treatment. But the dialysed 
prothrombin solution contained a fair amount of prothrombin after the 
precipitated globulin was filtered off. The relative ‘quantities of 
prothrombin in (1) the original prothrombin solution, (2) the solution 
exposed to room conditions for two days, and (3) the dialysed’ pro- 
thrombin solution, are shown by the comparative coagulation times in 
the following experiments. (All the prothrombin solutions were treated 
with the same minimal quantities of kinase and calcium chloride fr 
the same time before being tested.) | 


(1) 20. 0. 8 0.0. 20.0. 1 minute. 
(2) 2 8 2 40 minutes. 
(3) 2 8 2 4 


It may be noted that the amount of prothrombin in the dialysed 
solution was comparable in order of magnitude to that 1 | 


solution. The question “arose as to the explanation of@ 
disappearance of prothrombin from an ordinary solution 
to light and air and its slow disappearance from a: diff “a 
exposed to the same conditions. The only difference in thea S 927 
was that sodium chloride was gradually removed from the diplynedie “a 
solution (the sodium chloride was the original solvent for the ff | 
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It had been previously observed that sodium chloride had a deleterious 
action on prothrombin, and the interesting conclusion was indicated 
that the destruction of prothrombin in a solution exposed to the 
conditions obtaining in a room is intimately connected with the presence 
of monovalent neutral salts contained in it. If this conclusion be 
correct it illustrates in a striking way the divergent liability of 
prothrombin to neutral salts. With neutral salts containing a divalent 
positive ion (such as calcium chloride) fibrin ferment is formed; with 
neutral salts containing a monovalent positive ion (such as sodium 
chloride) the prothrombin is destroyed and fibrin ferment is not formed. 
The destruction of prothrombin when exposed to the conditions 
existing in a room precludes the possibility of obtaining any definite 
information on its power of passing through a parchment membrane. 
The action of heat on prothrombin solutions is similar to that 
observed with fibrin ferment solutions. At 50°C. there is no destruc- 
tion of the prothrombin ; at 55° C. there is a partial destruction of it 
after ten minutes’ exposure to this temperature: this partial destruction 
is not accompanied by any appearance of coagulation in the prothrombin 
solution; at 60° C. the prothrombin is entirely destroyed and con- 
comitantly. there is a coagulum of protein produced. Alcohol precipi- 
tates prothrombin from solutions containing it: but the destructive 
action of alcohol is more intense on prothrombin than on fibrin ferment. 
Thus 4 cc. of prothrombin solution were precipitated by 20 ec. of 
alcohol and the mixture was allowed to stand at room temperature for 
* twenty hours. At the end of this time the solution was filtered and 
_ _ the pfecipitate was suspended in 75% NaCl. The suspension was 
allowed to digest at 80° O. for two hours and was again filtered. The 
«amount of prothrombin contained in the filtrate estimated by the 
en of fibrin ferment which was generated from it by kinase and 
calcium chloride was only about one-tenth of that contained in the 
original prothrombin solution. The destructive action of alcohol on 
Pro will be further considered when the properties of alcohol 
plasnade are Balk with. 
Tate when plasma is coagulated by fibrin 
gin * it has @iteady Been discussed. The fact that anti-fibrin-ferment 
, _ hal no offeet e prothrombin solution is an interesting indication that 
: Strüchurally prothrombin is an entirely different body to fibrin ferment. 
That tas structural change is not associated with any great difference 
| ae in physical properties is evident from the comparable relations of 
prothrombin and fibrin to temperature, alcohol, water, eto. 
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Thrombokinase. The function of kinase in the generation of fibrin 
ferment from prothrombin has already been considered in detail. But 
in the experiments described a crude solution of testis extract was 
used. No description has been given of that constituent of the testis 
extract to which the peculiar properties of kinase is due; nor has any 
attempt been made to reconcile the various statements which have 
been put forward as to the properties of zymoplastic substances and 
substances which assist coagulation. 

It is usually asserted that all protoplasmic tissues assist the eee 
tion of blood. It is certainly true that kinase is widely spread 
throughout the tissues, but many protein constituents of the tissues are 
without kinase properties. The most marked example of this is seen 
in the case of the blood proteins. Although serum contains about 
10% of protein yet none of these proteins are capable of generating 
fibrin ferment from prothrombin. Muscle plasma supplies another 
instance of the presence of a large quantity of protein in the body 
which is devoid of kinase properties. This muscle plasma, prepared in 
a way previously described, not only does not coagulate a fibrinogen 
solution to which an appropriate amount of calcium chloride has been 
added, but the addition of it to a fibrinogen solution, which has been 
previously treated with kinase and calcium chloride, delays the onset of 
coagulation. 

But if a tissue extract be taken which has marked kinase properties 
it is found that this property is associated with the protein which is 
precipitated on adding a small quantity of dilute acid. The funda-* 
mental physical property of kinase proteins is that they are soluble in 
dilute alkali, but insoluble in water, dilute solutions of neutral salts, or 
dilute acid. These solubility relations are those ascribed to nucleo: 
proteins and it is probable that nucleoproteins possess kinase ee 
But the question whether nucleoproteins only possess this property 
rests on a different basis and possibly the answer is in the negative. 
The definition of a nucleoprotein includes not only lupility 1 
relations above but the fact that the protein on — - Purin 
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The action of milk on fibrinogen. 
(Fe—S) Milk (Ca—s) H,0 
0. 1 8.0. 2 8. “7 G. G. 43 minutes. * 
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The fluid was expressed from the first experiment above. It 
contained a considerable quantity of fibrin ſerment— 2 C. c. of it 
coagulating 3 c.c. of fibrinogen solution in one minute. By preparing 
calcium caseinogenate in an appropriate way the kinase property of 
milk was seen to be associated with this pMtein. Now although 
caseinogen possesses the solubility relations peculiar to nucleoproteins * 
yet it does not belong to this class of bodies, since on hydrolysis it does 2 
not yield purin bases. The question arises therefore whether caseinogen i 
possesses specific kinase properties or whether the kinase property of N 
milk is due to some nucleoprotein associated with the caseinogen. The 1 
observation that 1 C. of milk coagulates 3 c.c. of fibrinogen in 
44 minutes points to the former conjecture as being the more probable. 
In 1 cc, of milk there would not be more than five milligrams of 
caseinogen, and the quantity of extraneous protein associated with this 
would be almost infinitely small. ü 

But one of the most remarkable properties of kinase is its great 
activity. A crude testis extract, ordinarily used as a source of kinase, 
contains about 2% of protein. ‘1 0.0. of such an extract will coagulate 

3 cc. of bird’s plasma ia a minute. The total amount of protein 
contained in 1 c. of this testis extract is 0002 grm. The tendency 
of kinase protein ta lose its activity when precipitated in any way 
prevents the preparation of a pure kinase from tissue extracts—the 
purity of the preparation being estimated from the relative activity and 

_ weight of the original and purified preparations—but the fact that such 

_ minute quantity of a crude extract exercises a definite coagulating 

* 4 action emphasises its marked activity. The solubility relations of 
Ekinase are such as to ensure its precipitation with fibrinogen from 

FS win plasma when this is brought about by dilution with water and 

* neutralisation with acetic acid. If any kinase be present in the bird's 
plasma it will be kept in solution by the alkali present just as the 

-» fibrinogen, and on neutralising this alkali it will be precipitated with 

_ the fibrinogen. The identity of these solubility relations of kinase and 

fibrinogen in plasma prevents any definite assertion being made on 

the gemeration of fibrin ferment from prothrombin by calcium chloride 

only. Certainly in the ordinary non-coagulable bird's plasma, the 
amis Of “kinase must be exceedingly small, but when precipitation of 
wake egen is brought about all the kinase present in the plasma is 
e with the fibrinogen. It might be argued that to prepare 
. » “gubyMie-Abeinogen free from any admixed kinase all that was now necessary 
pe A Was to dissolve the fibrinogen in dilute sodium chloride. Kinase is not 
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e 

soluble in neutral salts and the kinase could thus be filtered off. But 
the amount of kinase is so small that on dissolving the fibrinogen 
prepared from a good specimen of bird’s plasma in sodium chloride the 
whole goes into solution and there is no trace of a residue. If some 
particles are not dissolved, then on reprecipitating the protein with an 
excess of distilled water these particles are mechanically carried down 
with the flocculi of fibrinogen. The observations that specimens of 
fibrinogen prepared from stable plasma coagulate very slowly on the 
addition of calcium chloride only, and that the generation of fibrin 
ferment from prothrombin solutions by calcium chloride only, requires 
days to complete itself, are strong indications that calcium chloride 
cannot act alone and that it requires the presence of kinase as an 
intermediary in its action on prothrombin. 

A consideration of the solubility relations of kinase affords some 
insight into the adjuvant action of alkali on the generation of fibrin 
ferment from prothrombin by calcium chloride. The prothrombin 
solution contained sodium chloride only. If therefore there was any 
kinase associated with it this kinase would exist as small particles (not 
necessary visible) and not in solution, since neutral salts do not dissolve 
kinase. The addition of a small quantity of alkali to the prothrombin 
solution would dissolve these particles of kinase and so permit them to 
exercise their special function much more freely and adequately. 

The statements that have already been made as to the precipitation 

- of kinase with fibrinogen from plasma apply equally well to the 
precipitation of globulin from serum. Schmidt foumd that the 
globulin precipitated from serum by dilution with water and addition K 
of acetic acid possessed marked zy moplastie properties. It is evident 
that these zy moplastic properties would be conferred on the globulin by 
the kinase, previously dissolved in the serum, = precipitated alongs? 
with it, 

Solutions of kinase like all proteins which are soluble in alkali and 
insoluble in acid are readily precipitated by salts containing | divalent 
positive ions like calcium chloride. This precipitation: ‘apparently 
depends upon the ionic properties of the added .daliy the amount 
necessary to precipitate being a function of the, Affeze be 
temperature. The precipitation of kinase with calcium chlörfde . 
an opportunity of testing Pekelharing’s hypothesis that fibpis ferinent. i. 
is a calcium compound of nucleoprotem. It is clear “that it” 
hypothesis be correct on a little calcium chloride to 
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extract of testis the resulting precipitate should possess the properties 
of fibrin ferment. The following experiment disproves this hypothesis. 

An extract of a cockerel’s testis was made in the way previously 
described. To the solution calcium chloride was added to the extent 
of 1% when à copious protein precipitate was produced. This 
precipitate was well washed in water and then dissolved in a minimal 
amount of caustic soda. The coagulating activity of this solution was 
tested on fibrinogen dissolved in sodium chloride. 


(Fg—8) Solution (Ca—8) H. 0 Coag. time 
20.0. 20. o. 0 0. o. 8 0.0. No ooag. 
2 2 2 8 4 minutes. 


The experiment allows a definite conclusion to be made. The 
protein precipitated from the testis extract by calcium chloridé was not 
fibrin ferment but only kinase. When added to fibrinogen alone no 
coagulation ensued, but when calcium chloride was added with it the 
ordinary phenomena of coagulation quickly occurred and the fluid 
expressed from the clot contained a large quantity of fibrin ferment. 
It may be stated that the theory of Pekelharing depends for its 
existence on the fact that prothrombin is always associated with 
fibrinogen in its precipitations. The failure to recognise this and the 
discovery that fibrinogen solutions, prepared according to Hammarsten’s 
method, sometimes coagulate when nucleoprotein and calcium chloride 
are added to them, naturally led to the theory that fibrin ferment is a 
calcium eémpound of nucleoprotein. 

A. Schmidt asserted that his zymoplastic substances possessed two 
properties which differentiated them from other substances participating 
2 * the coagulation of blood. These properties were (a) that they were 

t stabile, (6) that they were soluble in alcohol. There is now no reason- 
able doubt but that Schmidt’s zymoplastic substances correspond to 
those proteins which possess kinase properties. The question arises then 
as to whether-kinase is heat stabile and soluble in alcohol. The 
influenoe°@f che action of heat on a testis extract depends essentially 
on the:ampount of electrolytes contained in the extract. If no salt has 
been “Weed. in the extraction then a testis extract possesses kinase 
Nn after boiling, approximately equal to the unboiled solution. 
therefore is thermostabile. But if small quantities of 
neutral salts—especially those containing divalent positive ions—be 
“added to the extract ensues at a variable 
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depending on the amount and type of electrolytes present, and conse- 
quent on coagulation the solution loses its kinase properties. The 
same remarks apply equally well to the precipitation of testis extracts 
with alcohol. If no salts are present in the extract then 80°/, alcohol 
will not produce a precipitate, but if a mere trace of calcium chloride 

be added to it, precipitation occurs. As a proof that kinase properties 
may be associated with many different proteins it may be mentioned 
that milk after being boiled does not lose its power of coagulating 
fibrinogen calcium mixtures; and milk, it is well known, contains fairly 
large quantities of various neutral salta. 

But the power to prepare kinase from tissues by alcohol has 
been only moderately successful. A fresh testis was frozen in a 
mixture of ice and salt and immediately extracted with a large quantity 
of cold alcohol, a solution being obtained which after the evaporation of 
the alcohol in vacuo left a yellowish fatty powder with feeble kinase 
properties. The activity of this powder was very small compared with 
that of the original crude extract. On one occasion some plasma was 
treated with alcohol, the resulting precipitate filtered off, and the alcohol 
filtrate distilled below 40° C., until all the aleohol was driven off. The 
residual liquid contained a small amount of precipitate, and when tested 
on fibrinogen showed feeble ‘kinase properties. The difficulty of 
identifying kinase with the zymoplastic substances of Schmidt which 
are soluble in alcohol has been experienced by Morowitz among other 
observers. 

It may perhaps be mentioned that all the properties of kinase 
correspond to those ascribed by Wooldridge™ to tissue fibrinogen, and 
there is no doubt but that the active factor in produeing intra vascular 
coagulation when tissue extracts are Wer into the blood vessels of a 
living animal is kinase. 

The inability of tissue extracts alone to coagulate fibrinogen solutions 
permits the interesting corollary to be made that tissues do not contain 
free calcium ions within them. 

Anti- fibrin ferment. The effect of adding serum 
has been considered in the previous pages and the deus ie deen . 
made that serum contains an anti-fibrin-ferment. That the; “quantity 0 of 
this anti-ferment in bird’s serum is considerable may be 
following experiment. 

Bird's blood was allowed to coagulate spontaneously, aid 4 
plete coagulation the serum was expressed. When used, there. Wik 00 . 
fibrin ferment in this serum. 
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fibrinogen solution in two hours, The amount of prothrombin contained 
in it was also negligible as the following experiment shows. 

8 0 H,0 

6 0.0. 06 0. 0. = 

After 4 minutes (of. previous remarks on prothrombin in serum) the activity of 8’ was 
tested. 
(Fg—8) Cong. time 
20. 0. "8 0.0. 70.0. Slight ooagulum in 2 hours. 


The amount of anti-ferment in this serum was estimated by adding 
variable quantities of fibrin ferment to it and determining the activities 
of the serum ferment mixtures after the lapse of thirty minutes. 


The activity of the ferment. 
(Fg—8) (Ff) H, Cong. time 
20.0. 1 e. o. 90. c. 2 minutes. 
2 2 8 1 minute. 


1 0.0. of ferment was added to 1 . 0. of serum 8. After 30 minutes’ incubation at 
80° C. the activity of 8” was determined. 

(Fs—S) N. 0 Cong. ume 
2 0. e. 40.0. 8 0.0. 40 minutes. 

40.8. 8“ contains 2 0.6. (Ff). Therefore the addition of serum to ferment in the 
proportion of one to one increased the coagulation time of comparative experiments from 
1 minute to 40 minutes. 

5 o.c. of ferment were added to 1 0. 0. of serum=8’"’. After 80 minutes’ incubation the 
activity of 8’” was determined. 

(Fg—8) a” H,O Coag. time 
20.0. *4 6.0. 8 6.0. 80 minutes. 


I is evident that in this proportion also the greater part of the ferment is neutralised 
by the anti-ferment present in the serum. 


of ferment were to 1 of derum After 50 minutes’ incubation 


the activity of this serum ferment mixture was determined. 


* H, 0 Coag. time 
40.0. 6 0.0. 2 minutes. 
2 8 4 


‘> 


In this: proportion, therefore, there was a fair excess of ferment which 
was ligt neutralised by the anti-ferment present in the serum. If we 
eompare the activity of the original ferment with that of 8“ we see 
nt when this ferment and serum were mixed in the proportion of 
8 of the-former to one of the latter, about half the ferment was 
-yneuttalised by the anti-ferment of the serum. Now 10c.c. of ferment 
—— about From this we 
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see what an enormous excess of anti-ferment there is in serum, and taking 
this fact in consideration with the observation that fibrin ferment is 
only slightly less active as a coagulant for plasma than for a corresponding 
fibrinogen solution we may estimate how much more powerful the 
adsorptive affinity of fibrinogen for ferment is than the chemical affinity 
of anti-ferment for it. And yet notwithstanding the more powerful 
affinity of ferment for fibrinogen than for anti-fibrin-ferment, the former 
compound can be readily split up, yielding free ferment, whilst the latter 
compound is incapable of being so decomposed. It may be noted that 
even when there is an obvious excess of anti-ferment over ferment (as 
when 1 c.c. of ferment is add&@to 1 Ce. of serum) the mixture possesses 
feeble coagulation properties, This result indicates that the union of 
the ferment. with the anti-ferment follows the laws of mass action and is 
never complete since the ferment anti-ferment compound formed is not 
removed from the sphere of action by precipitation. The capacity of 
anti-ferment to combine with ferment is not limited to preparations 
obtained from the same species. Rabbit’s serum readily neutralised 
-ferment prepared from bird’s fibrinogen, and the anti-ferment in human 
hydrocele fluid also neutralised the same ferment. 


5 .d of bird’s fibrin ferment were mixed with 1 6.0. of rabbit’s serum (- FB) After 
80 minutes’ incubation the activity of the mixture was tested. 


(Fs—8) Fs u. Cong. time 
2 ae. “4 0.0. 6.0. 60 minutes. 
8 2 
Thore had therefore large of the ferment by 
the anti-ferment in the rabbit's serum. 


1 c.c. of bird’s fibrin ferment was mixed with 1 ¢.c. of human hydrocele fluid Er W. 
After 30 minutes’ incubation the activity of the mixture was tested: 


(Fg—8) Fu H,O Cong. time 
20.0. 8 0.8. 40. 0. 7 


A cocrespénding smoust 
minute. 


Heat does not destroy anti-fibrin-ferment so readily, as 
This is shown in the following experiment: 


30° 0. and after the seram + 
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ferment mixture (- AF) had incubated at 30° C. for 15 minutes its ferment activity was 


tested on fibrinogen. 


Serum heated 


50 O. 
60° C. 
65° O. 
70° . 


From the above results it follows that the serum contained a 
considerable quantity of anti-ferment which was only slightly destroyed 
by heating to 60°C.; at 65°C. a considerable quantity of the anti- 
ferment disappeared (a slight granular coagulum was produced in the 
serum at this temperature), and at 70°C. the whole of the anti-ferment 


The generation of metathrombin in inactive serum may be produced 
by the action of acids or alkalies. It was a matter of some importance 
to determine whether fibrin ferment which had been rendered inactive 
by the addition of serum to it could have its activity restored by similar 


10.6. of serum was added to 5 0.0. of ferment (8). The activity of the serum ferment 
mixture after 30 minutes was such that 4 b. c. of it coagulated 8 ¢.c. of fibrinogen in an 


hour. 10.0. of NaOH wae added to 1 of and incubsted at 50 O. for 80 minutes. 


At the ond of that time, 1 cg. of HO! (J) was added to the mixture to neutralise the 
„and after 8 minutes the coagulating action of the final solution was tested 


Therefore not only had the alkali not generated fibrin ferment from 
the inactive compound formed with the anti-ferment of the serum, but 
the small amount of free ferment previously present in the serum 


ferment mixture had been destroyed by the treatment. 


The action. of alcohol on anti-fibrin-ferment is particularly interesting. 

It has een shown in a previous paper that when alcohol is added to 
horse geri the solubility of the precipitated protein depends upon the 
temperature at Which precipitation is effected. If precipitation be 
i Out at temperatures below 14°C. the protein when freed from 
echo is readily soluble in water: at temperatures above this value 
1 ide protein shows varying degrees of solubility depending upon the 
"7 ‘emiperature and the length of time which the precipitated protein has 
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SF N. Cong. time 

2 0.0. “40.0. 6 0.6. 70 minutes : 

50 95 “4 

minute. 

3 2 ‘B(orig.ferment) 7 — 
4 was destroyed. 

4 treatment. ; 

on fibrinogen. 

(Fg—S) Final neutral solution | 

200. 10. o. No coagulation. 
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been in contact with the alcohol. Later experiments have shown that 
this “critical” temperature is not common for the sera of all animals. 
In the case of sera prepared from rabbits and birds, alcohol pre- 
cipitations carried out at a temperature of 18°C. yield proteins freely 
soluble in water. Bird's serum was precipitated by alcohol in order to 
determine which constituent of the serum was possessed of anti-ferment 
properties. In a paper on diphtheria antitoxin the author d has shown 
that this anti-body is not associated with any particular fraction of the 
protein but is gradually precipitated with the major quantity of the 
serum protein which is soluble in water. 


8 c.c. of alcohol were added to 2°6 b. o. of bird’s serum. After 80 minutes the mixture 
was filtered, the protein precipitate freed from alcohol by pressing between filter paper, 
and dissolved in water. The original serum, alcohol filtrate, and redissolved protein (Pr) 
were tested for anti-fibrin ferment. 

Original serum. 1 0.6. of ferment was added to 2¢.c. of serum (= 8). After 
80 minutes 8’ had the following activity, 

(Fe—8) H, Coag. time 
20.0. 4e. 0. 6 0.0. 45 minutes. 
Therefore the original serum contained a large quantity of anti-fibrin-ferment. 


Alcohol filtrate. 1 C. 0. of ferment solution was added to 4 c.c, of the alcohol filtrate 
(=8”). After 30 minutes 8“ had the following activity. 


(Fe—8) * 1. 0 Coag. time 
20.0. 2 cx. 8 0.0. 1 minute. 
Therefore the alcohol filtrate obtained after precipitating the protein contained no 
anti-fibrin-ferment, . 
Redissolved protein in water (Pr). (Vol. of Pr=2 vols, of original serum.) * 
1 60.0. of ferment solution was added to e of Pr (=Pr). After 80 minntes the 2 
activity of the mixture was tested. : 
(Fe—8) Pr N. 0 time 
2 c.c. inte. 


From the above it is clear that although the original serum contained 
a large quantity of anti-ferment, yet after the addition of alcohol to this 
serum neither the precipitated protein nor the filtrate: coukainéd any 
anti-ferment. This experiment was repeated several ‘tities Aud the 
same result was always obtained. The obvious conchision. ist that the 
addition of alcohol to serum destroys the anti-ferment presgut Wb ear 
may be remarked that this destraction of the anti-ferment is nab assoriated Qs 


with any gross change in the precipitated protein. The prötelu wher, 


freed from alcohel is soluble in water, giving 
transparent solution. 
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The destructive action of alcohol on anti- ferment indicated that the 
preparation of fibrin ferment from serum by Schmidt's method 
depended upon the splitting of the ferment anti-ferment compound 
throngh the destruction of the anti-fibrin-ferment and the consequent 
liberation of the ferment. This hypothesis was tested by adding alcohol 
to a ferment solution the ferment activity of which had been almost 
entirely removed by the addition of a little serum. 


5 b. 0. of ferment were mixed with 1 e.. of serum (FS). The following shows the 
activity of the serum ferment mixture. 


(Fg—S) Fs H,O Cong. time 
20. 0. 5 o. o. 8 0.0. 30 minutes. 

Therefore the greater part of the ferment had been destroyed, since 1 0. . of the original 
ferment solution coagulated 8 c.c. of fibrinogen in two minutes. 4°5 c. o. of the ferment 
serum mixture were added to 20 c.c. of alcohol. After complete precipitation the mixture 
was filtered and the precipitate diseolved in 1°5 c.c. of HO (=X). The volume therefore 
of the new solution was only one-third of that original serum ferment mixture. The 
activity of this was tested on fibrinogen. 

(Fe—8) x H,O Cong. time 
200. 20.0. 8 0. o. 100 minutes (= 8 e. e. of FS). 


There was no indication of a splitting of the ferment anti-ferment 
compound and the subsequent freeing of the fibrin ferment, by the 
alcohol. It is clear therefore that Schmidt’s method of preparing fibrin 
ferment from serum does not depend upon the destruction of anti-fibrin- 
ferment by alcohol. 

_ Alcohol plasma, The precipitation of the proteins of bird's plasma 
with an excess of alcohol gives interesting results. If the precipitation 
be carried out at room temperature (about 18 C.), the protein precipi- 
fate produced, when freed from alcohol, dissolves very readily in water 


‘yielding a clear colourless solution. This solution when appropriately 


treated shows the coagulating capacity of the original plasma. For the 
sake of brevity ‘this derived plasma has been designated as “ alcohol 
plasma. Alechel plasma contains no electrolytes which are essential 
to theeoagulation of its proteins by heat. On raising its temperature 
to 100% l g precipitate is produced, but if a trace of calcium chloride 
be added de phenomena of coagulation occur as in ordinary plasma. It 
may be remarked that a solution of proteins prepared from serum by 


“alcohol “Precipitation makes a suitable medium for the study of the 
“iniluenes of electrolytes on the heat coagulation of proteins. | 

Tue alcohol plasma is colourless although the original bird’s plasma 
+; i Usually a marked yellow colour. The absence of pigment in the 
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alcohol plasma is due to the retention of this portion of the original 
plasma in the alcohol filtrate. The solution of the pigment of bird’s 
plasma in alcohol is in marked contrast to the phenomena which may 
be seen in horse serum when similarly treated. In this latter case the 
amount of pigment removed from solution is practically proportional to 
the amount of protein precipitated—the association of the pigment 
with the protein being such as to suggest that the pigmentation is due 
to a group in the protein molecule. 

Fibrinogen is held in solution in the alcohol plasma in a way 
similar to that which exists in the original plasma. On dilution with a 
large excess of distilled water no precipitate is produced, byt on adding 
a trace of acetic acid the usual precipitation of fibrinogen occurs. 
From this it follows that when fibrinogen is dissolved in alkali, alcohol 
precipitation does not involve the breaking down of the fibrinogen 
alkali compound. This is in striking contrast to the processes which 
occur when fibrinogen, dissolved in neutral salts, is precipitated by 
alcohol. Resolution of the precipitated protein requires the addition of 
more salt, the original solvent salt having been apparently removed 
with the precipitating alcohol. This difference in alcohol precipitation 
emphasises the disparity which must exist in the mode of solution of 
globulin by neutral salts and by alkalies respectively. Sometimes the 
protein precipitate produced by the addition of alcohol to bird's plasma 
is not entirely soluble in water. In these cases it is invariably found 
that the original plasma will form an evident clot after the lapse of a 
short time: From the partial insolubility of the precipitated protein it 
is clear that the processes of coagulation had started in the bird's plasma 
before the alcohol was added, but that these processes had not become 
evident since the changing fibrinogen had not reached such a state 
that it was insoluble in the salts present in the plasma. In this 
connection it is interesting to compare these results with those 
obtained on coagulating fibrinogen with fibrin ferment in the Presence 
of varying quantities of sodium chloride. If the processed of lation 
have not completed themselves in the bird's plasma bel cho! 
precipitation is carried out these processes will oontifu in thb hol 
plasma. In this way a colourless transparent clot * 
spontaneously produced in the alcohol plasma. The result praves tht: 
in this precipitation also the fibrin ferment continues to be i 
with the fibrinogen. 


Alcohol plasma clots readily with fibrin ferment but not 50 Cae Fe 


as fibrinogen dissolved in sodium saree cas This fact is shown in the 205 
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following experiment. The volume of the alcohol plasma was the same 
as that of the original plasma, and contained approximately the same 
quantity of fibrinogen as the fibrinogen solution used. 


Coagulation of fibrinogen dissolved in sodium chloride by ferment. 


(Ff) H. O Coag. time 
| 2 0.0. 2 0.0. 8 1} minutes. 
2 1 9 0.0. N „ 
Coagulation of alcohol plasma (API by ferment. 
API (Fr) H, Coag. time 
20.6. 22.0. 8 6.6. 24 minutes. 
2 1 9 5 ” 


Alcohol plasma does not coagulate on the addition of kinase only. 
The absence of coagulation is due to the fact that all the calcium salts 
of the original plasma remain in the alcohol filtrate and the addition 
of this salt is necessary to produce coagulation. This experiment 
emphasises in a definite way the essential part played by calcium salts 


in blood coagulation. 

The coagulation of alcohol plasma (API) by kinase. 
API c- HO Coag. time 
20.60. “les, 904. 9 No ooagulum produced. 
1 2 5 minutes. 


* 


After an hour the coagulum was removed from the second experi- 
ment. The fluid obtained contained a large quantity of fibrin ferment. 

It follows from this that the original alcohol plasma contained no anti- 
fibrin-ferment. 

The direct proof that alcohol plasma contains no anti-ferment may 
be obtained by coagulating this plasma with a small quantity of fibrin 
ferment, expressing the resultant fluid, adding more fibrin ferment to it 
and testing its activity after varying times. The absence of anti- 
ferménte in alcohol plasma is quite in accordance with the results 
obser vert with the solution obtained after the corresponding precipitation 

- of bird's ‘Serum. The fibrinogen obtained from alcohol plasma by 
Precipitation with an excess of slightly acidified water possesses the 
Same properties as that obtained from the original plasma. Fibrin 


oi Sach dernen is just as active a coagulant of this fibrinogen as the original 
sae. "Ue 5 fibrinogen. » But calcium chloride in the presence of kinase coagulates 


* It less readily. Further, the solution expressed after coagulation by 
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kinase and calcium chloride contains less fibrin ferment than the 
solution obtained in a similar way from the original fibrinogen. This 
quantitative difference displayed by the two fibrinogen solutions is due 
to the smaller amount of prothrombin associated with the fibrinogen 
obtained from the alcohol plasma. This in turn is due to the smaller 
prothrombin content of the alcohol plasma. The smaller prothrombin 
content of the alcohol plasma depends for its existence on a fact 
previously observed—the destructive action of alcohol on prothrombin. 

Metathrombin. Alex Schmidt noticed that the coagulating 
activity of serum was increased by first adding alkali to it and sub- 
sequently neutralising this alkali with acid. He considered that the 
alkali had generated fibrin ferment from an inactive precursor present 
in the serum and brought the observation forward as a proof that the 
presence of calcium salts in blood was not necessary for the generation 
of fibrin ferment from prothrombin. 

Fuld® extended these observations and stated that an increased 
coagulating power of serum could be produced by adding acid or 
alkali and subsequently neutralising the added acid or alkali. But 
special prominence was given to the subject by Morowitz™. He 
confirmed the observations of previous observers as to the methods of 
increasing the coagulating activity of serum and determined the 
properties of the active coagulating substance generated. The increased 
activity of the serum was produced either by adding an equal volume of 


HCl (10 5) and neutralising this acid by alkali after thirty minutes or by 


adding NaOH (10 and neutrelising this ‘alkali by acid ‘after en 


minutes. Calcium ions were not necessary for the production of this 
increased activity since it could be produced in oxalated serum. The 
substance present in serum from which an active coagulant . was 
generated by acid or alkali was named g proferment. This H pro- 
ferment showed a greater resistance against the detrimental | jatuences 


of light and temperature than fibrin ferment. Fuld considenedet Wit 
was a stable phase of thrombin, and the view now generally ‘hate fs aes 


proferroent is a zymoid condition of the previously generated 
and possesses the relation to thrombin which toxoids poses · to r 
The suhject was investigated * the experimental results ibe 
in the previous pages. pt a 
Tt has been shown that serum ‘obtained froin blood which hai 
lated spontaneously loses the greater: i of its coagulating powers | 
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within, an hour after coagulation. has occurred ; and that this loss of 
coagulating power is not due to external influences but to the direct 

combination of the fibrin ferment with an anti-fibrin-ferment present 

in the serum. Further it has been shown that the inactive compound 

formed is not split up by acids, alkalies or alcohol so as to yield an active 
ferment solution. From these results it appeared improbable that 

metathrombin was liberated in serum owing to the splitting of the’ 
inactive compound formed by the union of the fibrin ferment with the 

anti-ferment by the added acid or alkali. Also it has been stated that 

from a consideration of the properties of kinase and prothrombin the 

generation of fibrin ferment from prothrombin does not cease in blood 

when. coagulation occurs but continues until all the prothrombin has 

been converted into fibrin ferment, the ferment so liberated being 
quickly neutralised by the antj-ferment present in the serum. This 

hypothesis received direct confirmation. of its accuracy by the determina- 
tion of the amount of prothrombin. in serum obtained from bird’s blood 

which had coagulated spontanpously. The amount of prothrombin 

detected on the addition of kinase to such serum was very small in 

amount. The probability that metathrombin was a zymoid form of 
prothrombin was therefore small. It addition to this it had been noticed 

by Morowitz that calcium salts are not necessary for the production of 
metathrombin in serum. If, therefore, the precursor of metathrombin 

were a zymoid form of prothrombin a very material change must have 

occurred in its structure to permit of its generating fibrin ferment on 

adding acid or alkali only. 

The fact that both acids and alkalies generate metathrombin in in- 
active serum denotes an unusual property possessed by the precursor. 
In the experiments dealing with the actions of acids and alkalies on the 
_ coagulation of fibrinogen by fibrin ferment and on the generation of 
fibrin ferment from prothrombin, it has been seen that whilst small 
quantities of alkali assist these actions, the least trace of acid is markedly 
inhibitery to them. From this property therefore it was clear that the 
preetiteor of metathrombin was nat of the same nature as prothrombin. 
Thee @hts’ dealing with the nature of metathrombin are given 
the fitst place the statement that acids and alkalies generate 

n coagulant when added to inactive serum. was tested. 


e e to serum. The bird’s serum used was practically inactive. 
ile bled t0 2.0.0 of fibrinogen did not coagulate it in two hours. To 1 0.0. of this 


N eon G) was added and the mixture was heated to 30° C. for 30 minutes. 
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At the end of this time 1 0.6. of Ee! (5) was added to it and after the lapse of three 
minutes the activity of this mixture (= M) was tested on a fibrinogen solution. 
(Fg—8) (M) Cong. time 
2 6.0. 10.0. 9 minutes (1 e. e. M= 8 0.0. 8). 
Therefore by the action of the sodium hydroxide and subsequent neutralisation by 


hydrochloric acid the inactive serum had become a fairly active coagulant for fibrinogen. 


Tie effect of adding acid to serum. The came experiment was done with the difference 
that the acid was added first. 


1 Lee. of serum 10.2. of HC! (7) was added After being heated to 30° C. for 


20 minutes, 1 0.0. of NaOH (5) was added, and after the lapse of three minutes the 
coagulating activity of the mixture (M) was tested. 

(Fe—S) Coag. time 

2 ac. 1 ¢.0. 8 minutes (1 0.0. M’= 8 0. 0. 8). 


Therefore acid and alkali have a precisely similar action in causing 
the production of an active fibrinogen coagulant in inactive serum. 

The question then arose as to what the active coagulant was. It has 
been previously shown that if the coagulant of a fibrinogen solution be 
fibrin ferment only, then a solution of prothrombin with no coagulating 
activity is obtained after removing the fibrin; but that if the initial 
cause of the coagulation be kinase and calcium chloride, an active ferment 
solution remains. Therefore after the coagulation of the fibrinogen by 
the serum to which alkali had been added, was complete, the residual 
fluid was expressed from the fibrin, and its ferment activity was 
determined on another fibrinogen solution. This 1 is given in 


the following experiment: 
2 0.0. “4 0.0, 8 6.6. 2 minutes. 


The expressed fluid contained fibrin ferment. The activised serum 
must therefore have contained kinase: and consequently the coagulation 
was not produced by a modified form of thrombin but by Kinase which 
had been liberated in the serum by the action of the alkali’; +; ao 

A general consideration of the question shows how 
this view is correct. Serum obtained from blood which has been aHowed 
to coagulate must contain kinase unless the kinase is removed with the, + 4) 
clot, or the plasma contains an anti-kinase comparable to 3 
ferment. The view that kinase is removed with the clot cri 
with the idea of Wooldridge that coagulation occurred owing de m Py 2 
oombination of tissue fibrinogen with what known 
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fibrinogen. Tissue fibrinogen, from the properties ascribed to it by 
Wooldridge, obviously corresponds to kinase. The question therefore 
arose as to whether kinase combined with the fibrinogen to form the clot. 
The answer was definitely given by the consideration of the action of 
kinase and by the production of adequate coagulation by fibrin ferment 
without the intervention of kinase. And it has been previously shown 
that an anti-kinase corresponding to anti-ferment is not present in 
serum. Fresh serum therefore must contain kinase, and since serum 
contains an optimum quantity of calcium chloride it must act as coagulant 
of fibrinogen solutions. The degree of activity of such a serum will 
necessarily vary with the amount of kinase which has been liberated 
within it. But the serum obtained from blood which bas been allowed 
to coagulate spontaneously usually contains a fair quantity of kinase and 
consequently acts as an active coagulant of fibrinogen solutions. This 
question will be discussed more fully when the preparation of fibrin 
ferment by Schmidt's method is considered. It is well known that 
comparatively fresh serum loses its coagulating power to a considerable 
degree in the course of a few days. The cause of this loss of power is 
not due to the disappearance of fibrin ferment, since it has been shown 
that this substance disappears within an hour after coagulation. 
The more gradual loss of coagulating activity is due to the removal of 
the kinase from a state of solution in which it can exercise its power. 
In the experiments dealing with the presence of an anti-kinase in 
serum it was shown that although serum did not contain an anti- 
kinase comparable to anti-ferment, yet within twenty-four hours after 
the addition of serum to a kinase solution the activity of the kinase 
diminished 50°/,. The probable cause of this loss of kinase activity 
was the adsorption of the kinase by the proteins of the serum. It is 
clear that the postulation of such a process occurring in serum would 
readily account for the loss of coagulating power of fresh serum in the 
course of a few days, The generation of an active coagulating property 
in such a, degenerated serum by the action of acids or alkalies would 
depend. hu the splitting of the absorbed kinase from the protein. In a 
5 previqus Peper de it has been shown that from a consideration of the 


effect of adding acid or alkali to serum on the electrical conductivity of 


tha serum, it is probable that the added acid or alkali combines with the 
protein | of the serum and such a process would probably split off any other 


* g Peg constituent of the protein complex which was present in an adsorbed 
= ; vondition. However, whatever may be the ultimate explanation of the 


generation of coagulating * in an inactive serum | by the addition 
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of acid or alkali it is clear that metathrombin is not a modified form of 
thrombin but kinase. The proof of the identity of metathrombin with 
kinase simplifies the processes which must be postulated to account for 
the phenomena observed in the coagulation of blood. 

Schmidt's fibrin ferment. A general survey of the literature on the 
coagulation of blood compels the conclusion that the solutions of fibrin 
ferment ordinarily used sre very weak and ineffective. This feeble 
activity of fibrin ferment solutions has long been recognised. 
Hammarsten ™, in his classical paper on the significance of calcium salts 
in the coagalation of fibrinogen, states that coagulation in plasma or 
fibrinogen solutions with ferment or serum is much slower than in blood 
and often extends over days. Also Morowitz™, in his investigation on 
the precursor of fibrin ferment, tried to use oxalate plasma as an indicator, 
but found that this plasma coagulated with difficulty and only un the 
addition of strong ferment. The effect of oxalate on the coagulation of 
fibrinogen by fibrin ferment has been discussed in the preceding pages. 
It may be recalled that the presence of 1% oxalate (oxalate plasma 
usually contains only 1% oxalate) extended the coagulation time of a 
fibrinogen solution by fibrin ferment from 14 to 3 minutes only. It is 
also certain that the coagulating activities of the ferment solutions used 
by many experimenters depended largely upon the kinase and calcium 
salts contained in them. The most remarkable proof of this fact is 
contained in the statements of Arthus“ that the addition of fibrin 
ferment to oxalate plasma does not cause coagulation; nor does this 
ferment induce coagulation in oxalated fibrinogen solutions, but only 
when calcium is added. The significance of the results obtained by 
Pekelharing on adding nucleoprotein and calcium salts to solutions of 
fibrinogen has been considered in the previous pages. From these 
results it is evident that the theory of Pekelharing depends for its 
basis on the failure to recognise the essential differences which exist be- 
tween the coagulation of fibrinogen by kinase and calcium salts and nd 
fibrin ferment respectively. In a paper with Huiskatup ee 
ferment Pekelharing alludes to a statement of Hamm — 
effect that Pekelharing’s results with nucleoprotein afid 
could be explained by the assumption that small quantities, of ferment 
or proferment are found in the tissues (from which the . 
are prepared) and are precipitated with these proteins. To combat 15 aa | 
statement Pekelharing states that the protein prepared from bed Re”. 


serum by adding a trace of acetic acid shows a great ferment “activity: ~ 2 
but that the precipitate obtained . 
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though smaller in amount is more active than the former. From what 
has been said on the relations of fibrin ferment and kinase to the globulin 
of serum it is clear that the precipitate obtained from serum by adding 
acetic acid did not contain fibrin ferment, but was admixed with kinase 
only. 

"The question arises as to what factors are ultimately concerned in 
the production of fibrin ferment from serum by Schmidt's method. 
This method consists of adding an excess of alcohol to serum, and 
precipitating the protein. The protein so precipitated is filtered off and 
allowed to remain under alcohol for a considerable time (often months) 
until the greater part of the protein is coagulated. At the end of this 
time the aleohol is removed and the residue extracted with water. The 
water extract contains Schmidt’s fibrin ferment in solutions. | 

In the experiments dealing with the properties of anti-ferment it 
has been shown that plasma which has been coagulated by kinase in the 
presence of calcium salts contains a fair quantity of fibrin ferment 
immediately after coagulation has occurred, but that this ferment is 
almost entirely neutralised within the first hour by the anti-ferment 
present. Further it has been shown that although anti-ferment is 
extraordinarily susceptible to the action of alcohol—so susceptible that 
the addition of alcohol to serum destroys the whole of it without 
apparently affecting the other constituents of the serum yet the neutral 
compound formed by the union of the fibrin ferment with the anti- 
ferment cannot be split up by the subsequent action of alcohol so as to 
yield free fibrin ferment. From these results it is clear that the 
production of a ferment solution from serum which has been obtained by 
coagulating blood depends for its success upon the instant addition of 
the alcohol to the fresh serum. By this treatment the anti-ferment is 
at once destroyed and the fibrin ferment precipitated with the other 
protein, The slow action of alcohol on fibrin ferment has been noted 
and consequently the activity of the ferment solution subsequently 
extracted will depend upon the length of time during which the serum 
protein Nas been subjected to the action of the alcohol. But there is no 

reasott Wily the water extract of the coagulated serum protein should 
not contain kinase. Serum does not contain an anti-kinase and the 
_ disappearance of kinase properties from it is very gradual. At the end 
ol fourteen days bird's serum added to fibrinogen produced coagulation 


By 7 when ‘valcium salts were present. Certainly the kinase property of 
_ .-Setamdiminishes in the course of a few days, but this property can be 


readily increased by precipitating the proteins with alcohol and redis- 
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solving them iff water. The solution 80 obtained possesses kinase 
properties approximately equal to the original serum. In this respect 
it is interesting to note the statement of Morowitz that metathrombin 
ean be. produced in serum by the action of alcohol. This action of 
alcohol probably depends on two factors, (a) the removal of the anti- 
ferment from the serum proteins, and (h) the breaking up of the serum- 
protein-kinase adsorption compound so ‘liberating the kinase. It is 
certain therefore that fibrin ferment prepared according to Schmidt's 
method will contain kinase im a quantity proportional to the original 
amount of kinase in the serum, and the coagulating action of the added 
alcohol on the kinase protein. The coagulating action of alcohol on the 
kinase present in serum is undoubtedly slow, so that the majority of 
fibrin ferment solutions prepared by Schmidt’s method will contain 
kinase. A large excess of alcohol also precipitates the greater part 
of the inorganic salts present in serum, so that the ultimate water 
extract of the coagulated protein will dissolve these precipitated salts. 
Schmidt’s fibrin ferment solutions must therefore contain calcium salts 
in sufficient. quantity to act with the kinase, and the combined action of 
kinase and calcium salts was no doubt impossible for many of the 
coagulating actions observed when fibrinogen solutions were used as 
indicators of the presence of fibrin ferment. 
From the above it is clear that the varied relations of fibrin ferment, 
kinase, serum, and alcohol to one another are quite capable of explaining 
the many divergent results obtained by different observers when using 
Schmidt’s fibrin ferment. If perfectly fresh serum were used the 
ultimate water extract would contain fibrin ferment, kinase, and calcium 
salts. Such a ferment would readily coagulate oxalate plasma, etc. 
But if the serum were not quite fresh the water extract finally obtained 
would contain kinase and calcium salts only and would not coagulate 
solutions to which oxalate had been added in a quantity greater than 
that of the calcium contained in the added ferment, but would coagulate 
ordinary fibrinogen solutions. The question arose wheth serum 
proteins would protect the calcium salts present in serum him the 
precipitating action of oxalate and so would permit kinase ant ‘ogleium * 
salts in serum to exercise their known properties even though Oralate 
were present. To test this point a solution of Schmidt's fibrin fermen 1 
was prepared from ox serum a week old. The serum was — oo eae 
by 90% alcohol and the protein filtered off. This protein was: now: 
shaken up with an excess of alcohol. (It was interesting to 


although the pigment of the serum . * with the protein” 
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when alcohol was first added, yet on filtering and adding more alcohol 
the pigment redissolved in the alcohol, leaving the protein approximately 
colourless. Also the protein coagulated only very slowly when left 
under alcohol, being almost entirely soluble in water after the lapse of a 
week. The relations of horse serum to alcohol precipitation are quite 
different to this and indicate that in the preparation of fibrin ferment 7 

| by Schmidt’s method serum from horse blood would give much better | 3 

) results than ox serum.) A water extract of the coagulated protein was 4 4 

| made after the lapse of three weeks, and the activity of the solution 
(=) so obtained was tested on a fibrinogen solution. 


(2) (Ca—8) HO (2%) Cong. time | 
(1) 2 0.0. 5 0.0. 0 e. e. 8 0.0. 0 0.0. Slight coag. in 2 hrs. * 
(2) 2 2 2 6 0 | minutes. = 
| (3) 2 2 2 5 ‘1 8 
ö (4) 2 2 2 4 2 No oog. 


From (1) above it is clear that the solution (Z) contained . 4 
trace of fibrin ferment; (2) shows that it contained a fair quantity of 
kinase since 2 c.c. of it in the presence of 2 e. c. of 6 / CaCl, coagulated 
3 cc. of fibrinogen in six minutes. The solution obtained after the | 
removal of the coagulum from (2) rapidly coagulated a fibrinogen 
solution showing that it contained a large quantity of ferment. (3) and * 
(4) show that the presence of other proteins in the solution (Z) did not 
protect the calcium chloride which was added to it from the precipitat- 
ing action of the subsequently added potassium oxalate. 

In conclusion it is evident that the majority of so-called fibrin 
ferment solutions prepared by Schmidt's method contained kinase and 
calcium salts only but that if fresh serum were used then the ferment fe 

* solutions obtained, contained not only kinase and calcium salts but a % 
quantity of ferment depending upon the freshness of the original serum. 4 

Ganges s fibrin ferment. The preparation of a solution of fibrin 
ferment by Gamgee’s u method consists in extracting well washed fibrin 
with 5°/, NaCl for some hours at 40°C. It has been found that such 
an-extract often possesses well marked ferment properties. The basis 
‘of the’ method has been alluded to in the discussion on the relation of 
fibrinogen to fibrin ferment. In that section it was shown that it is 
impossible to obtain an accurate time curve giving the coagulation of 
* fibrinogen by fibrin ferment since the fibrin formed adsorbs some of the 
5 a 92 and the removal of this fibrin from solution entails the simul- 
tanedus withdrawal of a definite amount of ferment. The relation of 
* the ferment to the fibrin is apparently of the same type as that which 
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obtains with fibrinogen and fibrin ferment. A definite chemical union 
of the fibrin with the ferment does not occur, since the combination can 
be readily split by such agents as neutral salts. The capacity of neutral 
salts to split this adsorption compound of fibrin and ferment affords an 
adequate explanation of Gamgee's process for the production of a fibrin 
ferment solution. The question arises as to how far the adsorption of 
the ferment by the fibrin is capable of protecting this ferment from the 
anti-ferment present in blood. It has been shown in the case of 
fibrinogen and fibrin ferment that the protection afforded to the ferment 
is very considerable. But in the case of fibrinogen and fibrin ferment 
the ferment has a definite function to perform, and consequently the 
close protection afforded by the fibrinogen to the adsorbed ferment 
against the anti-ferment is readily understood. But the fibrin ferment 
attached to fibrin has no further function to perform and it is probable 
that in this case the adsorption union is much less close, and correspond- 
ingly the protection of the ferment against the anti-ferment present in 
the serum is much less perfect. The slow neutralisation of the ferment 
attached to the fibrin by the anti-ferment present in the serum would 
afford an explanation of the comparative small ferment - "producing 
capacity of fibrin. obtained from blood clots, 

That a relatively strong ferment solution can be obtained ies 
fibrin produced by coagulating fibrinogen solutions with fibrin ferment 
is evident from the following experiment. A fibrinogen solution was 
coagulated by ferment and the fibrin obtained was thoroughly washed 
in distilled water. This well washed fibrin was placed in a solution of 
5 % NaCl and allowed to digest at room temperature for 20 hours. At 
the end of this time there was no apparent solution of the fibrin—a 
clear solution being obtained. But the solution possessed very marked 
ferment properties since 2 dc. of it coagulated 3 cc, of fibrinogen 
solution in 40 seconds. There was a small quantity of protein in 
the sodium chloride extract since on boiling the Solition a small 
granular coagulum was produced. But the relative quantities of 
ferment and protein in the extract were by no means of tha same 
order as the original fibrin and the ferment attached to it—thé fetment 5 
activity of the solution was not proportional to the amount of fibrin 
dissolved in it. This result shows that there had been a definite, ex 
splitting of the ferment-fibrin adsorption compound and that e 1 
ferment activity of the sodium chloride solution was not due to a ine Oe 
group rigidly attached to the fibrin molecule, retaining its coagulating’. oe 
property. 
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Fibrin was also obtained from fibrinogen solutions which had been 
coagulated by kinase and calcium chloride. The sodium chloride 
extract of this fibrin contained fibrin ferment but no kinase. The 
object of the experiment was to test Wooldridge’s™ assertion that 
fibrin results from a union of A fibrinogen (kinase) with B fibrinogen. 
If kinase does combine with fibrinogen (of this there has been no in- 
dication) the union must be of a different order from that which obtains 
with fibrin and fibrin ferment. The fact that kinase cannot be obtained 
from the sodium chloride extract of fibrin prepared from solutions of 
fibrinogen coagulated by kinase indicates that the coagulating activity 
of Gamgee’s fibrin ferment solution depends upon the ferment 
contained in it and not on kinase. In this respect its more general use 
would possibly have assisted the elucidation of the processes concerned 
in the coagulation of blood. 


SERUM GLOBULIN’. 


There are about 10 grams of protein in 100 cubic centimetres of 
serum, Of these 10 grams of protein only from 2—4 gram consist of 
globulin (i. a, a protein which is insoluble in water but soluble in dilute 
solutions of electrolytes). In the same volume of plasma there is 1 
approximately the same weight of protein and about 4—6 gram of i 
globulin, It is generally agreed that the sole difference between plasma 5 
and serum is that the former contains a globulin (fibrinogen) which 5 
under the influence of thrombin forms fibrin, and that when this fibrin oe 
is removed serum remains. The problem suggests itself whether the | 
globulin of serum is present in plasma as a definite body quite apart from 
the other globulin present (fibrinogen) or whether serum globulin is a 
product of the action of fibrin ferment on fibrinogen in the same way 
that fibrin is the result of this action. 

The quantities of globulin in plasma and serum relative to the total 
protein present and the entirely distinctive properties common to the two 
proteins naturally suggest that they are intimately connected with one 
another. From an a priori point of view it is improbable that of the 
total globulin in plasma one moiety should have the special function of 
being concerned in a most important property of blood—its coagulation 
pg aug the other moiety should have no obvious function assigned 

rue term globulin indicates protein which is insoluble in water but soluble in 
Aulute solutions of electrolytes. The Author's reasons for this restricted use of the word 
are given in two papers (), (14), i 
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Ham marsten’s application of the term globulin to those proteins 
which are precipitated by full saturation with magnesium sulphate 
entirely obscured the question as to the relation of serum globulin to 
fibrinogen. The effect of applying this extended definition of globulin to 
serum was to raise the globulin content of that fluid to about 60 % of 
the total protein, and it was obvious that 60°/, of the total protein of 
serum could not be intimately connected with 4°/, (fibrinogen) of the 
total protein of plasma, But that a globulin present in serum was 
associated in some way with the coagulation of fibrinogen was recognised 
after Hammarsten’s extended definition of globulin was generally 
adopted. The name given to this globulin was fibrino-globulin. 
Hammarsten™ stated that it was always present in fibrinogen 
solutions after coagulation and could be recognised in serum. He first 
thought that when coagulation occurred fibrinogen split into fibrin and 
fibrino-globulin Later from the variable ratio of fibrin formed to the 
original fibrinogen he assumed that the fibrino-globulin was only a 
portion of the fibrin which had gone into solution. Huiskamp™ 
thought that fibrino-globulin was either an impurity or only in loose 
combination with the fibrinogen. 

The importance of the experiments of Hammarsten and Huiskamp 
depends upon the fact that globulin remains behind in solution when 
fibrinogen specially prepared by numerous fractionations with sodium 
chloride is coagulated. Ham marsten's method of preparing fibrinogen 
by half saturation of magnesium sulphate plasma with sodium chloride 
claimed to be superior to that of Alex Schmidt, since it differentiated 
the globulins of plasma and precipitated fibrinogen only. If this 
claim be correct then it is clear that fibrino-globulin results from some 
process occurring in the coagulation of fibrinogen and does not pre- 
exist in plasma. Fibrino-globulin i is identical with serum globulin as 
defined by its insolubility in water, and therefore serum globulin does 
not pre- exist in plasma but is a product of the coagulation of fibrinogen 
by fibrin ferment. Consequently the only globulin — in plasma 
is fibrinogen. 

The method employed for the preparation of fibrinogen, deséribed at 
the beginning of this paper, involved the precipitation of the total 


globulin present in bird’s plasma. In the description it was stated that, Ye 
this method was adopted because it seemed preferable to use fibrinogen 


possibly contaminated with extraneous globulin rather than to submit. 
the fibrinogen to the deleterious action of large quantities of neutral 
salts and to obtain a product contaminated with these precipitating — 
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salts. From what has been said above it appears probable that 
fibrinogen 1 is the only globulin of plasma and that therefore the method 
of preparing fibrinogen by diluting neutralised serum with water gives 
a final product which consists of fibrinogen only. 

In the account of the properties of fibrin ferment and prothrombin 
the relation of these bodies to the globulin left in solution after coagula- 
tion of the fibrinogen and removal of the fibrin has been discussed. It 
was there pointed out that neither fibrin ferment nor prothrombin is 
associated with the residual globulin. The question arose as to the 
relation of this residual globulin to the original fibrinogen. If the 
coagulation of plasma by fibrin ferment depended upon the splitting of 
fibrinogen into fibrin and serum globulin it appeared probable that 
some constant numerical relation would exist between these proteins. 
This point was investigated in numerous preparations of fibrinogen 
obtained from different birds. The type of result obtained is given in 
the following experiments: 


The coagulation of fibrinogen dissolved in -75 % NaCl by kinase and calcium chloride. 


Weight of original fibrinogen i... =°18 gram. 
=12 „ 


From these figures we get the following ratio 
Fibrinogen: globulin : fibrin : : 3 : 2: 1, 


or when a given weight of fibrinogen coagulates one-third of it appears 
as fibrin and the other two-thirds remains in solution as globulin. It 


may be stated that there is no protein soluble in water formed when 


fibrinogen coagulates. 


The saine simple of fibrinogen in a different dilution was coagulated by fibrin ferment. 


Weight of original fibrin . * iat = °25 gram. 
Weight ot residual globalin after complete congultion =16 „ 
Weight of fibrin formed . ass =O ,, 


From these figures we get approximately the same ratio as above 
Fibrinogen : globulin : fibrin :: 8: 2:1. 
The second experiment in addition to confirming the results of the 
* 8880 shows that the amount of fibrin formed is not dependent upon the 


coagulant. But this simple numerical relation was not obtained when 
q Nr The results obtained 
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when the fibrinogen prepared from another bird was coagulated with 


fibrin ferment were as follows. 


Weight of original fibrinogen ie = ‘235 gram. 
Weight of residual global after „ 
Weight of fibrin ... = "06 


From these figures we get the following ratio 
Fibrinogen: globulin : fibrin : : 4: 3: 1. 


In a third specimen of fibrinogen coagulated by fibrin ferment the 
results given below were obtained : 


Weight of original fibrinogen = gram. 

Weight of ret deal globalin after coagulation SS, 

Weight of fibrin .. iti =107 „ 
Fibrinogen globulin : fibrin :: 5 8 : 2 (about) 


It is clear from the above results that if fibrinogen is the only 
globulin present in plasma and coagulation consists in the splitting of 
this fibrinogen molecule into. fibrin and globulin then the composition 
of the fibrinogen obtained from different birds must vary. Taken by 
themselves the results certainly indicate that both fibrinogen and 
serum globulin exist in plasma and that both are precipitated on 


dilution of this fluid with slightly acidified water. If it be concluded 


from the other evidence that fibrinogen is the only globulin existing in 
plasma the results indicate the variable composition which the same 
type of protein may possess throughout a series of animals. 

The most convincing evidence that serum globulin does not pre- 
exist in plasma but is formed when fibrinogen coagulates was obtained 
when the solubility curves of serum globulin™ in various neutral salts 
were determined. The first method used to prepare serum globulin 
consisted in the dilution of serum with slightly acidified water, etc. 
The serum globulin obtained in this way never gaye consistent 
solubility curves. Even when the serum was obtained as quickly as 
possible the globulin solubility curves always showed that the protein 
was becoming more and more insoluble in neutral salts. This increasing 
insolubility of the globulin in neutral salts was evidenced 4 the 


solubility curve passing through zero protein and approximately 2. 50 * * 


rather than zero protein and zero salt. To overcome this 
of obtaining consistent solubility curves globulin was obtained by 
precipitating plasma with acidified distilled water, dissolving the 
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fibrivogen, eto. so obtained in 6 0, NaCl and coagulating this solution 

with kinase and calcium chloride. The solution rapidly coagulated and 

after the fibrin was removed the residual fluid was added to an excess 

‘of water, ete. The globulin prepared in this way gave satisfactory 

solubility curves in neutral salts. There was no longer any evidence of 1 

the protein possessing a residual insolubility in neutral salts—the | 

solubility curves always passed through zero protein and zero salt. Now 

if serum globulin exists in plasma quite apart from fibrinogen it is not 

clear why this second method of preparing globulin direct from plasma 

was superior to the first. The only difference in the treatment of the 

globulin in the second case was that it was removed from the plasma 

containing it about 6 hours sooner than if the plasma had been first 

4 allowed to coagulate and the serum to be formed. But if serum 

globulin does not pre-exist in plasma then the reason for its more 

satisfactory properties when prepared in the second way is evident. 

The initial preparation of the fibrinogen avoids the contact of the 

globulin formed when it coagulates with the deleterious substances 

which may be present in serum. The superiority of the globulin 

product obtained by coagulating fibrinogen over that obtained by 

diluting acidified serum affords strong presumptive evidence of the 

absence If serum globulin from plasma, and its production when 
fibrinogen coagulates, 

The heat coagulation of fibrinogen solutions prepared by the sodium 

chloride method furnishes indefinite evidence of the relation of serum 

globulin to fibrinogen. This purified fibrinogen when dissolved in 

sodium chloride coagulates about 56°C.; at this temperature a moiety 

of the molecule is apparently split off for a second coagulum occurs 

about 65°C. Either sodium chloride does not afford a method for the 

preparation of pure fibrinogen from plasma or serum globulin is split 
off from fibrinogen when the latter is heated to 56°C. 

To sum up, the most definite evidence for the existence of serum 
globulin in plasma as a protein apart from the fibrinogen is the variable 
relation which is obtained when the ratios of fibrinogen, globulin and 

_ fibrin are determined in specimens of fibrinogen from different birds. 
The most definite evidence that serum globulin does not exist in plasma 
is obtained from the solubility curves of globulin prepared from plasma 
_ , direct. If sodium chloride permits the preparation of pure fibrinogen 
not contaminated with other globulin then the observations that such a 
preparation of fibrinogen’ yields serum globulin when coagulated. by 
ferment or heat indicates that the serum globulin was originally an 
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integral part of the fibrinogen molecule. A comparison of the quantities 

of globulin present in plasma and serum to the total protein content of 

these fluids affords further support of this latter hypothesis. Probably 

the correct view is that plasma contains one unstable globulin— 
fibrinogen—and that this fibrinogen is composed of two large protein - 
groups. When coagulation occurs the bond joining these two groups 

is broken—one group comes out of solution as fibrin, whilst. the other 

remains as serum globulin. On this view the variable relation of the 

two groups to one another in different samples of blood illustrates the 1 
essentially labile nature of proteins 


THE COAGULATION OF SEROUS rLolps. 


The discovery by Buchanan that there existed in the serous spaces 
of the body fluids which were not spontaneously coagulable but in which 
coagulation could be induced by adding blood clot or serum, was 
important in elucidating the processes concerned in the coagulation of 
blood. The development of this discovery was of the greatest assistance 
to Schmidt in the analysis of the phenomena he observed when blood 
coagulated. But since the discovery by Delezenne of an adequate 
method for obtaining non-coagulable bird’s plasma, the importance of 
working on serous fluids has diminished. These coagulable serous fluids 
possess the same properties as bird’s plasma but in a much smaller degree. 
The fibrinogen content of a serous fluid is usually small, and since stable 
bird’s plasma is easily prepared more satisfactory results can be obtained 
by using that fluid as a basis for experiment. 

The statement of Morowitz” that serous fluids do not coagulate 
when kinase is added to them but only when fibrin ferment is used is 
difficult to understand. Certainly all the serous fluids tested which were 
coagulable (ie, contained fibrinogen) coagulated on adding kinase only. 
In one sample of hydrocele fluid the following results were obtained: 


(1). 2 0.0. hydrocele finid +2 0.0. CaCl, No coagulation, 
(2) 2 0.0. hydrocele fluid 7 2 c.c. dilute liver extract. Coagulation in 15 minutes. 
(8) 2b 6. hydrocele fluid +-5 c.c. fluid expressed from (2). Coagulation in 10 minutes. 


From the above it is clear that the hydrocele fluid coagulated with 
kinase only (2), and therefore must have ‘contained fibrinogen, pro.” ee 
thrombin and calcium salts. Experiment (3) shows that the ict” 
expressed from the coagulum of (2) contained fibrin ferment which was 
capable of coagulating a second quantity of hydrocele fluid. The slow 
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time of coagulation—15 minutes—depended on the small amount 
of prothrombin in the hydrocele fluid. This prothrombin was associated 
with only a small amount of fibrinogen. The result afforded another 
proof of the association of the prothrombin with fibrinogen in an 
approximately constant quantitative relation to one another. A larger 
fibrinogen content would have been associated with a larger amount of 
prothrombin and this would have generated a larger amount of fibrin 


ferment; or a definite quantity of ferment would have been generated 


in smaller time thus inducing the more rapid onset of coagulation. The 
occurrence of anti-fibrin-ferment in hydrocele fluid has been considered: 
in the section dealing with anti-fibrin-ferment. Therefore hydrocele 
fluid (and in fact all coagulable serous fluids) contains the same 


constituents as bird’s plasma only in a diminished degree, viz., fibrinogen, 


prothrombin, calcium salts and anti-fibrin-ferment. The reason why 
serous fluids are not spontaneously coagulable depends upon the fact that 
they contain no cells from which kinase can be derived. 

Results similar to those described above were obtained with several 
samples of hydrocele fluid, pleural fluid, and rabbits’ amniotic fluid. 
It may be mentioned that two samples of hydrocele fluid were obtained 
which would not coagulate either with tissue extracts or fibrin ferment. 
These two fluids were found to contain no fibrinogen. The amount of 
fibrinogen in a serous fluid depends largely upon the severity of the 
inflammatory processes which accompany the production of the exudate. 
It appears possible to obtain from cases of very slow and chronic 
hydrocele, fluids which are not coagulable since they do not contain 
fibrinogen. 


GENERAL CONCLUSIONS. 


„The experiments detailed in the previous pages clearly prove that 
bird's plasma contains all factors necessary for coagulation except 
kinase. The effects of various tissue extracts on the coagulation of 
plasma indicate that the kinase property is widely distributed and 


may be associated with proteins of different chemical constitution but 


similar physical properties. The relation of kinase to calcium salts 
in the generation of fibrin ferment from prothrombin is interesting. 


The evidence shows that the active element in producing this change 
is the divalent calcium ion, but that this ion must be under the pro- 
tection of the kinase before it can fulfil this function. The necessity 


for this ‘protection may be appreciated, but the knowledge of ‘how it 
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is produced involves the solution of the problem of the relation of 
proteins to electrolytes. The constant association of prothrombin with 
fibrinogen has been recognised, and the generation of fibrin ferment 
from this prothrombin by a calcium ion demands that the ion should 
not be diverted from this purpose in order to effect the solution of the 
attached fibrinogen. Presumably the kinase directs the calcium ion 
to the prothrombin rather than to the fibrinogen; but the manner in 
which this direction is effected can only be a matter of conjecture. 

The question naturally arises whether the calcium ion enters into 
combination with the prothrombin when fibrin ferment is generated. 
If any such union does take place the type of union must be that 
described under the name of “organic” ‘and such that the calcium 
cannot be precipitated by any reagent which precipitates ionised 
calcium salts. The calculation of the quantity of calcium in an active 
ferment solution gives the following results: 3 c.c. of fibrinogen con- 
taining kinase and calcium chloride were coagulated. After one hour 
‘03 c.c. of the expressed fluid coagulated 3 c.c. of fibrinogen in ten 
minutes, The quantity of calcium chloride present in the first case 
was 05 ae The quantity present in the secend coagulation was 


‘05 1 y/o CaCl, = 0005 °/, about, or approximately one part of calcium 


23 in two hundred thousand parts of fibrinogen solution. The 
active part taken by calcium in the production of fibrin ferment from 
prothrombin and the parallelism which many ferment reactions show 
to similar hydrolyses effected by electrolytes indicate that the calcium 
ion does enter into combination with the prothrombin to form ferment. 
But if this be correct the small quantity of calcium in the ferment 
solution and its reaction to the precipitants of ionised calcium salts 
again indicate the strange relations which may exist en — 
and electrolytes. 

dissolve fibrinogen is a function of the temperature and that prothrombin 
is constantly associated with precipitated fibrinogen accounts for many 


inaccurate hypotheses which have been advanced to account for the 


processes occurring in the coagulation of blood. It is well known that 
oxalated horse plasma, when cooled, deposits a gelatinous precipitate. 
Pekelharing found that on adding calcium salts to this precipitate he 
obtained a solution which possessed all the properties of fibrin fermeitt.” 
The analysis of the precipitate showed that it contained nucleoprotein’ 

and hence he obtained confirmatory evidence of his hypothesis that 
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fibrin ferment is a calcium compound of nucleoprotein. In horse 
plasma fibrinogen is held in solution partly by means of the neutral 
salts and partly by the alkali present in it. This fact can be readily 
demonstrated by diluting oxalated horse plasma with 20 volumes 
of distilled water, On simple dilution the fibrinogen dissolved by 
means of the neutral salts is precipitated ; on adding a little acetic acid 
this fibrinogen precipitate is increased owing to the neutralisation of 
the alkali which kept the remaining fibrinogen in solution. On cooling 
oxalated horse plasma the fibrinogen dissolved in neutral salts will be 
precipitated to an extent depending upon the quantity of neutral salts 
in the plasma and the temperature, In many specimens of horse plasma 
cooling to 0° C. results in the precipitation of an appreciable quantity of 
this fibrinogen. Associated with this fibrinogen is prothrombin and any 
cellular elements which may have remained in the plasma. It is clear 
that in the precipitate all the substances necessary for the generation 
of fibrin ferment are present except calcium; and the subsequent 
addition of a salt containing this element will accordingly result in the 
production of an active ferment solution. Similar remarks apply to 
the tissue fibrinogen of Wooldridge which was obtained by cooling 
plasma rendered incoagulable by the intravenous injection of peptone 
into the animal. 

It is somewhat remarkable that prothrombin has generally been 
assumed to arise from the white blood cells when blood is shed. The 


direct proof that prothrombin is present in non-coagulable plasma was 


early shown by Wooldridge™. He found from a series of researches 
on peptone plasma that fibrin ferment did not exist in uncoagulated 
plasma but was present in large quantities after coagulation had ensued. 
This observation proved according to him that fibrin ferment was not 
the cause of coagulation but the product of it and he looked upon the 
discovery as a further proof of his theory that coagulation was due 
to the union of A and B fibrinogens. His deduction that fibrin 
ferment is the product of coagulation rather than the cause of it was 
not justified but the experiments proved conclusively that the precursor 
of fibrin ferment was present in fresh plasma. 

Lilienfeld®. adopted a view similar to that of Wooldridge on 
the nature of-fibrin ferment and also assumed that it was a product 
and not the cause of the coagulation of blood. The results which 


he obtained with “Thrombosin” can be readily understood on the 


present theory of the coagulation of blood, if the physical properties 
of fibrinogen and kinase are considered. The addition of dilute acetic 


am: 
— 
2 


; 
i” 
4 
é 
4 
4 
3 
N 
7 
a 
‘ 4 
4 
4 7 
J | 
— 
5 
— r 
„ 
4 


OOAGULATION OF BLOOD. 109 


acid to a fibrinogen solution involves the precipitation of fibrinogen 
and prothrombin associated with any kinase which may be in the solution. 
The solution of this precipitate in dilute alkali provides a medium in 


which coagulation can most readily take place on the addition of a 


calcium salt. It is interesting to notice that Lilienfeld was able 
to coagulate proplastic fluids and solutions of fibrinogen by means of 
nucleo-histon dissolved in lime water. The nucleo-histon possessed 
the properties of kinase and the solvent lime water supplied the 
necessary calcium salt; the proplastic fluids and solutions of — 
clearly contained fibrinogen and associated prothrombin. 

The influence of the failure to recognise the presence of ns 
quantities of anti-fibrin-ferment in serum on the interpretation of 
results obtained from experiments dealing with Schmidt's fibrin 
ferment has already been discussed. 

It only remains to consider the processes which occur when a blood 
vessel is so injured that blood may escape from it. The injured vessel 
wall or the surrounding tissues liberate kinase. This kinase enters 
into the blood and there finds all the necessary factors for the production 
of fibrin ferment—prothrombin, and calcium salts. Fibrin ferment is 
therefore formed and since the association of the prothrombin with the 
fibrinogen entails that the ferment produced is in molecular proximity 
to the fibrinogen, coagulation of the fibrinogen ensues in the shortest 
possible time. The amount of fibrin ferment generated from the 
prothrombin associated with a definite quantity of fibrinogen is able to 
coagulate about thirty times that quantity of fibrinogen in a minute in 
vitro. Therefore after the first quantity of fibrinogen has been 
coagulated there remains an enormous excess of ferment in the fluid. 
This ferment will quickly coagulate any fibrinogen with which it comes 
in contact, but in this case fibrin ferment is not liberated on 
coagulation but only prothrombin. If none of the kinase from the 
wound can reach this prothrombin then the production of new ferment 
ceases, i.e. the production of ferment is practically coextensive with 
the kinase. Also the extension of the coagulum is limited by the small 
mobility of the ferment molecules. It has been shown that although 
fibrin ferment has a comparatively small molecular structure compared 
with the proteins of blood yet it is only slowly diffusible. Therefore 
its passage in the blood stream is slow, and since the fluid present 


in the clot is always being pressed out towards the wound by the 


pressure of blood within the vessel the whole of the serum in the clot 
will soon be replaced by plasma from the blood. The coagulation of 


“ 


i 
7 
« 
* 
* 
* 
* 
2 
ate 
4 
A 
at 
24 ; 
j 4 
3 
> 
1 
is 
3 
4 
* 
> 
* 
8 
4 
* 


110 J. MELLANBY. 


this plasma by the ferment attached to the clot occasions the liberation 
of prothrombin only. If the serum entangled with the clot is not forced 
through the wound by the pressure of blood within the vessel then the 
anti-fibrin-ferment present in the serum quickly neutralises any ferment 
which may be present in it. Briefly then, the coagulum produced on 
wounding a biood vessel is slightly more extensive than the injured 
tissues which produce kinase. Immediately after coagulation the clot 
contains a large quantity of fibrin ferment. This fibrin ferment is 
neutralised by the anti-fibrin-ferment present in the serum or is exuded 
owing to the pressure of the blood within the vessel. Immediately 
beyond the coagulum and also within it at points near the blood 
stream and remote from the injury there is a large quantity of prothrombin 
ready to produce fibrin ferment if the kinase extends from the injured 
tissue beyond the already formed coagulum. The whole mechanism of 
blood coagulation is admirably adapted to produce large and rapid 
clotting within a wounded area but to stop the process immediately 
beyond the confines of the injured tissues. 


The expenses of this research were c 
Grant Committee of the Royal Society. 


SUMMARY. 


1. Fibrinogen is always associated with prothrombin. Consequently 
solutions of fibrinogen may be coagulated by kinase and calcium chloride, 
or by fibrin ferment. 

2. Kinase and calcium chloride generate fibrin ferment from the 
prothrombin associated with the fibrinogem Therefore the residual 
fluid obtained after coagulating a fibrinogen solution with these sub- 
stances contains a quantity of fibrin ferment proportional to the 
concentration of the original fibrinogen. 

3. If fibrin ferment be used to coagulate a fibrinogen solution the 
fluid obtained after removing the fibrin contains prothrombin, and no 
fibrin ferment. 

4. The superiority of calcium over other elements of the same 
group as a coagulant for fibrinogen kinase solutions suggests that its 
action is of a specific rather than of an ionic nature. 

5. Salts which inhibit the coagulation of blood in vitro fogs be 


f divided into two groups: 


(a) Those which precipitate calcium salts, 
(6) Those which do not precipitate calcium salts. 
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If calcium in the presence of kinase is the initial cause of coagulation, 
salts, belonging to group (a), prevent coagulation when added in a 
quantity chemically equivalent to the calcium present. If fibrin ferment 
be the coagulant they affect the onset of coagulation only when present 
in such quantities that they retain the first formed fibrin in solution. 
Salts of the group (6) prevent coagulation by holding the first formed 
fibrin in solution or by depressing the action of the kinase and calcium on 
the prothrombin. Large quantities of salts of the group (6), relative 
to group (a), are required to prevent the coagulation of blood. 

6. It is probable that calcium salts alone cannot generate fibrin 
ferment from prothrombin. But the concomitant presence of only 
minute traces of kinase is required to produce an active ferment from it. 

7. Plasma (and serum) contains a large quantity of anti-fibrin- 
ferment. The body combines chemically with fibrin ferment to form an 
inactive compound. The compound cannot be decomposed by acids, 
alkalies, heat or alcohol so as to liberate fibrin ferment. Fibrinogen 
has an active adsorptive affinity for fibrin ferment. This affinity for 
fibrin ferment is more powerful than that possessed by anti-fibrin- 
ferment but the adsorptive compound formed can be split by alcohol so 
as to yield free fibrin ferment. | 

8. Serum does not contain an anti-kinase. The slow diminution 
in the activity of serum as a coagulant for fibrinogen solutions depends 
upon the adsorption of the kinase by the serum proteins. 

9. Fibrin ferment and prothrombin are not associated with the 
globulin which remains after a fibrinogen solution has been coagulated. 
Both these substances are precipitated by alcohol and are destroyed by 
heating to 60°C. Prothrombin is more susceptible to the deleterious 
influences of light, alcohol, and neutral salts than fibrin ferment. 

10. Serum obtained from blood which has spontaneously coagulated 
usually contains no prothrombin. 

11. Anti-fibrin-ferment is markedly susceptible to the action of 
alcohol. The addition of alcohol to bird’s plasma or serum immediately 
destroys all the anti-fibrin-ferment without affecting the other proteins. 

12. Metathrombin is kinase. Its production in inactive serum by 
acids, alkalies or alcohol depends upon the splitting of the adsorbed 
kinase from the serum proteins. 

13. The coagulating activity of fibrin ferment prepared according 
to Schmidt's method depends mainly on the presence of kinase and 
calcium salts in it unless the serum used is quite fresh. 

14, The preparation of fibrin ferment by Gamgee’s method depends 
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upon the splitting of adsorbed fibrin ferment from fibrin by the solvent 
sodium chloride. 

15, Serum globulin (as rigidly defined) probably results from the 
decomposition of fibrinogen into aa and globulin under the influence 
of fibrin ferment. 

16. Serous fluids (i. e. those csagulable) contain the same substances 
as birds’ plasma but in a diminished degree. They therefore — 
on the addition of kinase or fibrin ferment. 
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THE ALL OR NONE” CONTRACTION OF THE 
AMPHIBIAN SKELETAL MUSCLE FIBRE. By 


KEITH LUCAS, Fellow of Trinity College, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


In a paper published' in 1905 I showed that the contraction of a 
frog’s striated muscle excited directly does not increase continuously 
from zero to its maximum with increase of the exciting current. The 
contraction increases in abrupt steps to which further increase of the 
exciting current will add little or nothing, until a new step is reached. 
Since the number of steps was never found to exceed the number of 
fibres composing the muscle, I drew the inference that each step 
represented the addition of a fresh fibre or group of fibres to the number 
previously excited. And since the height of each step increased very 
little or not at all with increase of the exciting current, it followed that 
in each fibre the contraction produced by electric excitation must always 
be maximal or very nearly so. In a muscle excited directly, then, the 
gradation of contraction is effected almost entirely by the successive 
addition of more and more fibres to the number excited, and the fact 
that such gradation is obtainable depends upon a difference in the 
strength of current required to excite different fibres. 

I have since been looking for an opportunity of experimenting on 
similar lines with a muscle excited through its motor nerve. For in 
the first place such an experiment would involve excitation of the muscle 
through more normal channels, And beside this there was one point 
which the earlier experiments had left in doubt, aud must leave in 
doubt, owing to the difficulty of keeping the muscle in a really steady 
condition after the severe operative interference which the method 
involved. The experiments published in my former paper showed 
sometimes that the contraction remained practically constant with 
increase of the exciting current, when once a step had beats . 


1 Keith Lucas. This Journal, xxx. p. 128. 1905. 
2 Of. loc. cit. Fig. 3, p. 129. 
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at other times there was a small but continuous rise of the level of 
each step as the current was increased’, This continuous rise must 
mean a continuous increase in the contraction of each fibre, and the 
question to be determined is whether such a continuous increase of 
contraction is due to the increase of the exciting current, or is merely 
a progressive change going on in the muscle owing to the favourable 
effect of previous contractions. If the latter view is correct, then the 
skeletal striated muscle-fibre may be considered to resemble the cardiac 
fibre exactly in its property of “all or none response. 

The opportunity of carrying these experiments into effect presented 
itself when Dr Anderson called my attention to the very small number 
of nerve-fibres which go to innervate the cutaneous muscles of the frog. 
On examining the nerve which supplies the cutaneus dorsi I found that 
the number of large medullated fibres constituting the minute nerve 
trunk is not more than nine or ten. There are also one or two small 
medullated fibres of the sympathetic system, which are going to the 
coats of blood vessels in the muscle. Five preparations made by teasing 
the nerve-fibres apart under the microscope gave for the large medullated 
fibres the numbers 10, 9, 9,10 and 10; three sections cut after fixing 
in osmic acid gave the numbers 9, 10 and 9. Of these fibres one is 
probably afferent, coming from a muscle spindle“. 

The number of motor fibres lies therefore between eight and nine. 
When the muscle is reached these ‘fibres divide into a considerably 
larger number. I have previously shown that the number of muscle- 
fibres constituting the cutaneus dorsi lies usually between 150 and 200. 
It follows that each nerve-fibre present in the nerve-trunk must 
innervate on the average about twenty muscle-fibres. Now it was of 
course conceivable that when a single fibre of the nerve-trunk was 
excited the muscle-fibres innervated by it might come into action one 
after another as the strength of the current exciting the nerve was 
increased. If this should be so; the preparation would be of no use for 
my purpose, since the possible number of steps in the increase of 
ggntraction from zero to maximal would be of the order of two hundred. 
But if each nerve-fibre, when excited at all, caused the contraction of 
all its twenty or so muscle-fibres, then the preparation might be 
regarded as consisting of eight or nine’ units, each unit being a nerve- 


| fibre with its attached muscle-fibres. If the latter should ange ‘to be 


1 Of. loc. eit. Figs. 2, 4a, pp. 128, 129. 
Dr Anderson has observed that the cutaneus pectoris of the ~~ 
one muscle-spindle innervated by a single nerve-fibre, 
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the abtual behaviour of the preparation, I had found ready to hand the 
conditions which in my former experiments I had been able to secure 
only by an operation of considerable difficulty. It should in that case 
be possible by excitation of the nerve-trunk to determine whether in 
each group of muscle-fibres the contraction is always maximal or is 

2 by the strength of the exciting current applied to the nerve- 


per A pithed ben was ‘placed under Ringer’s fluid and the skin 
was opened along the mid-dorsal line and turned outwards until the 
outaneus dorsi of the left side came into view. The skin was then cut 
away with the exception of a small flap which included the insertion of 


Wer. er. 


Fig. 1. Magnified view of the cutunews dorsi preparation used in these experiments, 
1. Nerve to cutaneus dorsi. 

2. 

Tliohyp. Trunk of the iliohypogastric nerve. 

VII. Branch of the plexus to which the electrodes were applied. 


XXXX. Points at which various branches of the plexus were cut. “la 
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the muscle. This flap was pierced for attachment of the recording lever. 
The nrostyle was then raised, and, after the muscles connecting it to 
the ilium had been severed, was cut off at its upper end. The ilium of 
the left side was then cut through at both its ends, and was removed by 
severance of the obliquus externus and the rectus femoris anticus. In 
this way the whole lumbar plexus of the left side came into view, and 
the appearance presented was that of Fig. 1. The rest of the preparation 
was carried on under a Braus-Driiner binocular dissecting microscope. 
All the branches of the lumbar plexus were cut across with the exception 
of that branch of the iliohypogastric nerve which runs to the cutaneus 


Mig. 


2. General view of the experiment. 

C. The cutaneus dorsi muscle. 

D. Recording lever carrying a mirror. 

E. Lens used to focus light on to the recording drum. 
2 Electrodes applied to the seventh nerve. 


H, J, X. Rods on which the apparatus is supported. 
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dorsi, The only difficulty in this procedure lies in the cutting of the 
larger branch (2, Fig. 1) of the iliohypogastric, which runs to the 
obliquus externus. This nerve lies in an awkward corner between the 
inner end of the cutaneus dorsi and the obliquus externus, and it is 
difficult to cut it without damaging either the nerve to the cutaneus 
dorsi itself or else the large blood vessel which lies close to the point 
where the section must be made. 

When the preparation had been completed, the muscle was attached 
to the recording lever by means of the flap of skin to which it was still 
connected, and platinum electrodes were placed under the seventh 
spinal nerve at a point above the origin of the iliohypogastric nerve. 
The muscle remained under Ringer’s fluid during the experiment, but 
the electrodes were raised so that the seventh nerve lay just clear of 
the fluid. Currents even 50 to 70 times as strong as those which 
sufficed to excite the nerve caused contraction of no muscle except 
the cutaneus dorsi. 

Fig. 2 shows the arrangement of the experiment. The frog is pinned 
down to a layer of bitumen and paraffin wax contained in a porcelain 
trough. The muscle O is attached to a light glass lever D, 10 cm. in 
length. On the axle of the lever is carried a plane galvanometer mirror, 
by which a beam of light is reflected on to a photographic film carried 
on a drum 35 cm. distant. The light is brought to focus as a spot on 
the drum by a lens , The movement of the muscle is in this way 
recorded with a magnification of seven times. The electrodes are 
carried in glass tubes contained in a larger glass tube F. The rods G, 
H, J, K, on which the various parts of the apparatus are carried, project 
from a heavy cast iron angle bracket screwed on the table. 

The routine of experiment consisted in exciting the nerve with a 
series of induction shocks of increasing strength, the secondary coil 
being moved 1 mm. nearer to the primary after each contraction had 
been recorded. The secondary coil was carried in geometric guides on 
two brass rods, this precaution being taken to ensure that the coil 
should not alter the direction of its axis between successive observations, 
and so vary the magnetic field which it cuts, as it very well may when 
the ordinary wooden slide is used. A screw was used for adjusting the 
distance between primary and secondary coils, The coil was calibrated — 
by means of a ballistic galvanometer, and its calibration curve is given, 


for the range of coil distances generally used, in Fig. 3. As may be 


seen from that figure a movement of the secondary coil through 1 mm. 
means at the largest coil distances used an increase of current by 
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about 0°6 */,, and at the smallest coil distances an increase of about 
16 | 


Only the break shocks were used. The primary circuit of the coil 
wag opened and closed by a key operated. by the recording drum, the 
secondary coil being automatically short-circuited at the moment when 
the circuit was closed. The shocks were sent into the nerve at intervals 


— * 


Fig. 8. Calibration curve of induction coil used in these experiments. Abscisss measure 
distance between primary and secondary coils in centimetres. Ordinates show the 


deflections of a ballistic galvanometer in the secondary circuit, when the current in 


The photographic records were measured under a magnification of 


10 diameters by means of a microscopic comparator which carried a 

glass scale divided to O1 mm., 001 mm. being estimated. By this 

method one finds that measurements of the same curves when repeated 

seldom differ by more than 0-03 mm. 

The first point to be noticed is that the contraction does rise in steps 


when increasing stimuli are applied to the nerve, just as it does when 
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the stimuli are applied directly to the muscle. The maximal contraction 
of the whole muscle is often reached in two or three definite steps as in 
Exp. 1, which is tabulated below. Part of the photographic record of 
this experiment is reproduced in Fig. 4, and the relation between the 
height of contraction and strength of stimulus is plotted in Fig. 5. It 
is obvious that there is a definite step which is of average height “50 
ranging over observations 2 to 5. Then there comes one intermediate 
observation, number 6. Between observations 7 and 10 there is another 


Fig. 4. Reproduction of part of the photographic record of Exp. 1. The sudden increase 
: ol the contraction at observation 6 is evident. : 


4 „ „ „ 29 „ * Ste 
„ „ „ 


Fig. 5. Relation of current strength to magnitude of contraction in Exp. 1. Abscissm * 
measure the distance between primary and secondary coils. Ordinates measure the a 
height of contraction (in millimetres on the recording surface). 
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flat step of average level 3°67. Then comes a third step whose level 
shows a continuous rise from observation 11 to 35. The percentage 
increase of contraction produced by this rise is 65°), — 


Exp, 1. Cutaneus dorsi of frog excited by break induetion shooks sent into the nerve, 


For calibration of coil see Fig. 8. 
Contraction Contraction 1 
Observation distance ben (mm. on record) | Observation (wm. on record) 
1 25°9 0 19 24-1 8°93 : 
; 2 25°8 1°51 20 240 3-94 
3 25-7 1-46 21 
4 4 25-6 1-54 22 23-6 8-99 | 
5 25°5 1-50 23 28-4 401 od 
6 25-4 3-08 24 28-2 4-02 
7 25-8 8-70 25 4-02 
25:2 26 22°8 4-05 
8-65 27 22-6 4-04 
10 25-0 8-69 28 22-4 4-08 ‘ea 
1 24-9 3°84 29 22-2 4-05 * 
12 24˙8 3°87 30 22-0 4-05 
13 24-7 3-88 31 4-07 
14 24-6 8-90 82 21-0 4-05 + 
15 24-5 8-90 33 20-5 4-06 
16 24-4 3°98 34 20-0 4°07 
17 24˙3 8-91 35 19°5 4-09 q 
18 24-2 3-91 
A second example of the rise from zero to maximal in a few steps is 1 
given in Exp, 2, which is plotted in Fig. 6. There are here only two ; 
steps, one whose height is between 2°2 and 23 mm., and one whose 8 
height is between 28 and 29. It is interesting to note that in obser- 1 
vation 8 the contraction has dropped back to the lower value, though it 5 
had begun with a weaker stimulus to rise to the level of the higher step. 
„ % % % % „„ „„ „ 7 ‘ei 
eeee e 
1 1 
31 30 29 


Fig. 6. From Exp. 2. Abscisse and ordinates as in Pig. 5. 
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This may be due to a slight variation of the excitability of the fibres 
whose addition to the number previously active is the cause of the 
higher contraction, or perhaps to a slight variation of the exciting 
current. 


Exp. 2. 
Observation . em.] (mm. on record) Observation distance (em.) (mm. on record) 
81-2 0 18 80-0. 2-87 
2 81-1 2°30 14 29°9 2-86 
8 81-0 2°22 15 208 2-88 
4 2°27 16 29°7 2°87 
5 80°8 2°25 17 29°6 2°88 
6 80-7 2°29 18 29°5 2°86 
380-6 2-78 19 29 ·4 2-90 
8 30-5 2°28 20 29°3 2°85 
9 80-4 2°82 21 29°2 2-91 
10 2-81 22 29-1 2-90 
11 30˙2 2°83 23 29-0 2-87 
12 30-1 2°85 


The number of steps is sometimes greater than that shown in 
Exps. 1 and 2. For example the two experiments la and 3 tabulated 
below both show several steps. Exp. Ia is of interest since it was made 
upon the same preparation as Exp. 1, an hour being allowed to pass 
between the two experiments. The photographic record of this 
experiment is reproduced in Fig. 7, and the results are plotted in 
Fig. 8. It will be observed that the steps do not all correspond to those 
of Exp. 1 (Fig. 5), either in height or in the range of strength of stimulus 


Fig. 7. Reproduction of part of the photographic record of Exp. 14. 
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over which they persist. There is a similarity of height between the 
first step in the two cases, but after this the resemblance cannot be 
traced with certainty. We must suppose that in the interval between 
the two experiments the relative excitability of the nerve-fibres has 
been slightly changed, so that they come in perhaps in a different 
order, perhaps in the same order but at different strengths of stimulus. 


Exp, ta. 
Observation malate (em.) (mm. on record) Observation 2 (em.) (mm. on record) 
1 28 ˙7 0 8 25-0 8°20 
2 25°6 1°33 9 8°16 

8. 25°5 1-32 10 248 8-338 

4 2°53 11 24°7 8°58 
5 25°3 2°65 12 24-6 359 
6 25-2 2°54 18 24-5 8-60 
7 25°1 3°15 14 8-63 


Exp. 3, which is plotted in Fig. 9, calls for no particular comment. 
There are three quite definite and obvious steps, and there is a single 
observation lying alone between the second and third steps. The 


experiment was not carried far enough to show whether the maximal 


contraction of the whole muscle had been reached. 
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Fig. 8. Fig. 9. 
Fig. 8. From Exp. 1a. Abscisse and ordinates as in Fig. 5. 
Fig. 9. From Exp. 8. Abscisse and ordinates as in Fig. 5. 
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The fact that the contraction increases in steps must, I think, be 
taken as evidence that the nerve-fibres which lie on the electrodes 
require different strengths of stimulus for their excitation. And indeed 
it would be remarkable if this were not so. For even if the several 
fibres were so exactly similar as to be all excitable by precisely the 
same current density, still it would be most improbable that small 
differences of position or of relation to surrounding connective tissue 
should not cause a current led through the whole nerve-trunk to be of 
different density in one fibre and another. Also the experiments already 
described in this paper indicate that the fibres undergo changes of 


Coil Contraction Coil Conteaction 
Observation  distance(cm.) (mm.onrecord) Observation distance (em) (mm. on record) 
23°9 0 7 23°83 8-37 

2 8 { 299 8 28-2 4-90 

8 2-32 9 23-1 491 

4 28-6 2-64 10 23-0 4°85 

5 23 ˙5 2°66 11 22˙9 5°54 

6 98-4 2-71 | | 


excitability in the course of time, and we could scarcely expect that such 
changes would be of exactly equal magnitude in all the fibres. There- 
fore it seems that mere chance differences of excitability and of current 
density between the various nerve-fibres may well suffice to account for 
the fact that all fibres are not excited by the same strength of exciting 
current; and there is no need to suppose that we have to deal with 
normal functional differences between fibre and fibre. 

The number of steps found is never greater than the number of motor 
nerve-fibres running to the muscle; so that it would appear that each 
nerve-fibre when excited causes the contraction of all the muscle-fibres 
which it innervates. There is no reason to suppose, as I suggested 
earlier in this paper, that the muscle-fibres innervated by one nerve- 
fibre come in successively with different strengths of stimulus applied 
to the latter. 

On the view that each new 5 means the excitation of a fresh 
netve-fibre (and the consequent contraction of the muscle-fibres which 
that nerve-fibre supplies) it is obvious that the gradation of contrac- 
tion is brought about in these experiments for the most part by 
variation of the number of nerve-fibres called into action. For the 
effect: of increase of the exciting current upon the magnitude of con- 


traction is clearly quite small in the intervals between the occurrence — 
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of successive steps. But we shall probably be justified in stating the 4 
position even more forcibly still. There does not seem to be satisfactory f 
evidence that variation of the magnitude of contraction in the 
individual fibres plays any part whatever in the gradation of the 
muscle’s contraction. That this is so the following considerations 
indicate. 

Examination of the experiments already described shows that as a 
rule the passage from one step to another takes place without any con- 
traetions of intermediate size. This must imply that the fibres usually 
contract either not at all or to an extent which is very nearly maximal. 
The absence of intermediate contractions is particularly evident in such 
an experiment as that plotted in Fig. 6. But occasionally there is an 
intermediate contraction which coincides with the level of neither one 1 
step nor the other. Examples of this are seen in Fig. 5, observation 6, 1 
and in Fig. 8, observation 10. It might of course be urged that such 5 
single observations represent the submaximal contraction of the group 
of fibres whose maximal contraction is represented by the step next 
above. But it seems equally probable that the single observation 
itself represents the maximal contraction of a group of fibres, no step 
being shown because the exciting current has not been graded finely 
enough to produce more than a single observation of that magnitude. 
The evidence in favour of the latter view is the following. In the 
first place the more finely the exciting current is graded the more 
completely the increase of contraction tends to resolve itself into 
definite steps, and the less frequent the single intermediate observations 
become. And beside this there is the fact that the number of steps 
found is, with the grading of stimulus used in these experiments, less 
than the number of nerve-fibres; so that we may reasonably expect a 
finer gradation of the stimulus to bring to light some steps which have 
previously been hidden. We have therefore no reason to suppose that 
these single observations represent the submaximal contraction of a 
fibre or group of fibres. Up to this point then it appears that when in 
these experiments any nerve-fibre is excited at all, the attached muscle- 
fibres. perform a contraction which is very nearly maximal. There 
may however be a slight further increase of the contraction ns 
at the outside to something of the order of 5%, 

But even this small continuous rise of contraction which accompanies 
the further increase of the exciting current proves on closer examination 
not to be due to the increase of the strength of stimulus at all. In the 

_ first place the rise is of variable magnitude, and may in some cases be 
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almost absent. In Exp. 1 (Fig. 5) the contraction on the top step“ 
increases 4% with a current increase of 20°/,. In Exp. 4, which is 
tabulated below, it is only 07 / (5°84 mm. to 5°88 mm.) over a 20% 
increase of current. In Exp. 6 (below, p. 130) the increase is 0°6°/, over 
a range of current increase of 4600 %, 


Exp. 4. 

1 24-0 5°05 28˙2 5-84 

2 28˙9 5°03 9 23-0 5°83 

3 23-8 5°66 10 22°8 5°87 

4 23°7 5°65 11 22˙6 5°82 

5 23°6 . 5°77 12 22-4 5°86 

6 23°5 5°77 13 22-2 

7 2 ˙4 5°78 


Also definite experimental evidence can be obtained to show that 
this continuous rise is simply due to the favourable influence of one 
contraction upon those following. In all the experiments described up 
to this point the observations have followed the same sequence, 
beginning with the weakest exciting current; so that either the 
favourable influence of previous contractions or the increasing strength 
of the exciting current would afford an explanation of the increasing 
height of contraction. But we can differentiate between these two 
possible explanations by reversing the sequence of the observations, 
so causing any favourable effect of previous contraction to cause an 
increase of contraction as the exciting current decreases. In Exp. 5 
this was done. A series of observations was first made with increasing 
stimuli; then the sequence was reversed, the stimuli being successively | 
reduced. As the tabulated figures show, the contractions recorded with 
increasing stimuli increased at first in three steps of two observations 
each; then (at observation 7) a fourth step was reached, and a con- 
tinuous rise led from 612 mm. to a maximum of 635 mm. At this 
point the experiment was reversed and a series of decreasing stimuli 
was sent in, beginning with a strength which lay about half way along 
the continuous rise recorded on the increasing series, The first con- 
traction was found to be very slightly less than the maximum, namely 
6·32 as against 6°35, But as the series of decreasing stimuli was sent 
in there wag no fall in the height of contraction corresponding to the 


1 One is obliged to consider the rise on the top step only in each base, since in no 
ing and of measurement. 
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tise which had accompanied the increasing series; on the other hand 
there was a slight rise leading up to practically the same maximum 
as on the increasing series. The fall only took place as an abrupt 
transition to the lower step (6°05). It would appear then that the 
continuous rise of the level of a step is a phenomenon akin to the 
‘staircase,’ the favourable effect of previous contractions continuing 
to assert itself until a maximum is reached. The same facts may be 
observed in a series of observations in Exp. 6a (below, p. 131), where the 
rise of the contractions to a maximum and their maintenance at the 
maximal value is seen to go on independently of the increase and 
subsequent decrease of the exciting current through a range of strengths 
from 100 to 7500. 


Exp. 5. The arrows indicate the sequence in which the observations were made. 


“as (mm. on record) (mm. on record) 
27°38 5°67 
27°2 5°67 
27-1 5°82 

0 5°78 
26°9 6°03 
6°02 
26°7 6-12 
26°6 611 . 
26°5 6-14 6°05 
26°4 6-19 6°33 
26˙3 6°20 6°37 
26-2 6°23 6°34 
26°1 6°25 6-30 
26-0 6°25 6°27 
239 6-28 6-32 
25°8 6°30 
25-7 6°33 
25°6 688 * 

28˙⁵ 6˙33 
25°4 6°34 


_ This view of the case is borne out by another experiment made on 
the same preparation about twenty minutes later. The results are 
tabulated below (Exp. 5a). This experiment shows how a pause in the 
series of observations may allow the favourable effect of previous con- 
tractions to disappear. The first contraction recorded on the highest 
step in the series made with increasing stimuli was 6°22 mm. From 
this value there was a continuous rise to 6°37 mm. When this part 
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of the experiment had been completed several minutes elapsed (while 
the photographic film was being changed) before the series with 
decreasing stimuli was begun. After the interval the height of con- 
traction was found to have dropped back to 628 mm. The decreasing 
series of stimuli showed the contraction rising again as the current was 
decreased, until a value of 637 mm. was reached with the strength of 
current which had given 6-22 mm. as the first contraction of the series 
made with increasing stimuli. 


Expr. 5a. The arrows indicate the sequence in which the observations were made. 


Coil distance Contraction Contraction 
(mm. on record) on record) 
26 2 6°22 687 4 
26˙1 6°27. 561 
26-0 6-35 | 
25-9 6-30 
25˙8 6˙81 
25-6 6-82 6-82 | 
25°5 6-34 6°30 | 
25-4 6°35 6-30 
25°8 6°86 6-29 
25˙2 627 
6°37 | 6-28 
25-0 6°87 6-28 


These experiments indicate that the continuous rise of contraction 
which occurs after a step has been reached is associated not with the 
increase of the exciting current but with the sequence of the observations 
in time. We may therefore withdraw the reservation which we were 
obliged to make before, and say that in these experiments, when any 
nerve-fibre is excited at all, the attached muscle-fibres respond with a 
contraction which is truly maximal. 

The smallest increase of current which is shown in these experiments 
to be capable of bringing a muscle-fibre from inactivity to maximal 
contraction is that produced by a movement of the secondary coil 
through one millimetre; and this can be seen, by reference to the 
calibration curve of Fig. 3, to be equal at the largest coil distances 
used to an actual increase of the current by about a half per cent, We 
do not know of course whether this is even approximately the absolute 
minimum of change which will produce the effect; and the small 
variations of excitability to which the cells are subject render it 
impracticable to experiment with a much finer gradation of the 
current. It might be found if the current were varied by much 


5 
4 
| 
* 
* q 
** 
bs 
— 
* 
é 
| 
4 
f 
5 
7 
— 


128 K. LUCAS. 


smaller amounts that each fibre was capable of giving submaximal 
contractions; on the other hand it might prove impossible for a fibre 
te respond with any contraction except the maximal. The question 
can hardly be settled absolutely until we are able to experiment with a 
single cell. But the object with which I have made these experiments, 
namely the comparison of the functional capabilities of different con- 
tractile cells, is furthered even by the limited inference which has 
been drawn. For the evidence which we have of the incapability of 
vertebrate cardiac muscle to perform any contraction other than the 
maximal is of the same nature as that which these experiments afford 
for skeletal muscle. In both cases the smallest change of strength of 
stimulus which can be used in practice is sufficient to bring the con- 
traction of a fibre from zero to maximal. In neither case can we 
assert that the “all or none” principle is absolute. So far then there 
is no reason for drawing any distinction of functional capability between 
the two types of cell. The possibility of obtaining graded contractions 
from the whole skeletal muscle and not from the whole heart appears 
to depend only upon the fact that if one cardiac fibre contracts all 
contract, whereas the contraction of one skeletal fibre does not spread 
to other fibres. In fact the ‘submaximal’ contraction of a skeletal 
muscle is the maximal contraction of less than all its fibres. 

In order to represent more clearly the relation between the strength 
of the stimulus applied to the nerve and the resulting magnitude of 
contraction in a skeletal muscle, I have drawn in Fig. 10, a diagram 
based on Exp. 1 and showing the strength of the exciting current on a 
true scale, In this diagram it is assumed that the single observation 
No, 5 really represents a step which does not appear owing to the too 
coarse gradation of the exciting current; also the continuous increase 
of contraction brought about by the favourable influence of previous 
contractions is not shown. We see then that the longest interval 
between the beginning and end of a step, that is between the threshold 
for one nerve-fibre and that for the fibre next in excitability, corresponds 
to an increase of current by 6 %. The interval between the threshold for 
the most excitable nerve-fibre and that for the least excitable (Le. the 
increase of current necessary to bring the whole muscle from inactivity 
to contraction) amounts to 12°/,. 

It will be observed that in this experiment the current was increased 
to a value 120% greater than that which caused the minimal con- 
traction. It appears as if this increase has led to the excitation of all 
the nerve-fibres going to the muscle, since there is no increase of 
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contraction between the current-strengths 112 and 220. However it is 
well that the experiment should be tried over a larger range of current- 
strengths in order that this point may be settled. In Exp. 6 which is 
given below, the range used was from 32˙3 cm. to 10 cm. coil distance 
which is found from experiments made with the Ballistic galvanometer 
to mean an increase of the exciting current from 100 to 4700. It will 
be seen that in this experiment the contraction starts as usual by rising 
in a few steps (observations 2—15), until a maximal value is reached. 
This discontinuous rise takes place over a range of exciting current from 
100 to 112. Then the current is increased (observations 15 to 26) from 
112 to 4700, and the increase in height of contraction is only from 6°85 


< 27 4 
— 
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50 100 150 200 


Fig. 10. Diagram constructed from Exp. 1 (Fig. 5) to show the relation between magni- 
tude of contraction and strength of exciting current on a true scale. Abscisss 
represent the strength of the exciting current, that which just excites the nerve being 
taken as 100. Ordinates measure the height of contraction, the increase of contraction 
due to the favourable effect of previous contractions being neglected. 


to 6°88, an amount within the error of measurement. Exp. da shows a 
slightly greater increase over a similar range of currents, namely from 
6°57 to 6°71 mm. contraction over the range of currents from 113 to 
7500. But in this case reversal of the experiment shows that the 
increase of contraction has been due to the usual favourable effect of 
previous contractions, since as the current is decreased again to the 
lower value there is no decrease in the height of contraction until the 
fall to a lower step is encountered. In this experiment the exciting 
current was not graded finely during the first few observations, so that 
the steps of the rise are not seen; both on the way up and on the way 
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down there is only one observation recorded which does not lie on the 
top step 


It becomes clear from these experiments that the height of con- 
traction reached after the steps are completed is actually the maximal. 
As a rule then we may say that for the nerve to cutaneus dorsi an 
increase of the exciting current by something of the order of 10% over 
that which excites the most excitable nerve-fibre will suffice to excite 
all the nerve-fibres which run to the muscle. A further increase of 
even 7000°/, will cause no further alteration in the contraction. 


Exp. 6. Observation — 
1 88°7 — 0 
2 33˙6 100 8-36 . 
3 88°5 — 4°96 
4 83°4 — 512 
38 ˙3 — 5•44 
6 38 ˙2 — 5°46 
83°1 — 5°47 
8 83°0 — 6°28 
9 — 6°37 
11 82°7 — 6-10 
12 32°6 as 6°72 
13 82°5 =< 6°74 
14 82°4 6-76 
15 82°3 112 685 
16 82°2 — 6°83 + 
17 32˙1 — 6°85 3 
18 82°0 6°86 3 
19 310 6°88 
20 80-0 140 6°89 - 
21 27°5 6°88 2 
22 25°0 6°87 
28 22°5 hand 6-90 
24 20°0 490 6-88 
25 150 6°88 
10-0 4700 6-88 


It is of interest in view of the experiments described in this paper 
to examine some of the previous work upon the relation of strength of 
stimulus to magnitude of contraction. The classical experiments upon 
this subject are those of Fick’. His experiments were made on the 
gastrocnemius of the frog excited from the nerve by the closure of a 


* battery current. He came to the conclusion that the contraction 


Unters. i. elekt. Nervenreizung, Braunschweig, 1864. Gesam. Schriften, Wirzburg, 


. p. 100. 1904. 
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increased, within the range between its minimal and maximal values, 
directly as the current-strength. Of course the nerve to the gastroc- 
nemius must contain a large number of fibres, and it is not to be 
expected that the steps in the increase of the muscle’s contraction 
should appear as clearly as they do in the contraction of the cutaneus 
dorsi. Nevertheless in some of the experiments. which Fick published 


Exp. 6a. The arrows indicate the sequence in which the observations were made. 


Coil — Strength of — (mm. on — 
29-0 — 0 0 
28-0 — 0 474 
100 5°97 6°70 
26-0 113 6˙57 
25-0 — 660 | 
22°5 — 6°62 6°70 
20-0 256 6°64 6°72 
17°5 — 6-66 6°73 
15˙0 — 6°67 6°70 
12°5 — 6°68 6-71 
10-0 2520 6-66 ¥ 6-69 

75 7500 6°71 


the steps are quite clearly to be seen. He remarks the fact, but refers 
to such experiments as having miscarried’, attributing the steps to a 
periodic rise and fall of excitability. Many workers have since dealt 
with the problem, showing that the simple relation found by Fick could 
not be considered satisfactory, and attempting to find a mathematical 
formula which would express the relation between strength of stimulus 
and magnitude of contraction more accurately. The references td this 
work may be found in a paper by Wertheim Salomonson’, who 
attempts to show that as the stimulus increases in arithmetic progression 
the difference between the actual and the maximal contraction decreases 
in geometric progression. No purpose would be served by a closer 
examination in this place of the various researches. If the views put 
forward in this paper are correct, then any attempt to find a formula 
relating the magnitude of contraction of a whole muscle to the strength 
of stimulus applied to the nerve can scarcely hope to meet with success. 
For the form of the relation appears to depend upon chance differences 
in the strengths of current required to excite the various nerve-fibres. 


1 Of. Fick, loc. cit. Fig. 6. 
2 *Misslungene und doch lehrreiche Versuchsreihe.“ 
* Wertheim Salomonson. Arch, f. d. ges. Physiol. c. p. 455. 1908. 
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And the number of nerve- fibres supplying any muscle is too small to 
permit a satisfactory application of the theory of probability to the 
distribution of the excitability of the several fibres about a mean. 

The inferences drawn from the experiments described in this paper 
as to the possibility of obtaining gradation of the response in any single 
cell must of course be restricted to the muscle-fibres. The fact that 
when using the nervous impulse as a means of exciting a muscle-fibre 
we obtain only maximal contractions of the fibre does not imply that 
the nervous impulse is always maximal any more than it implies that 
the electric current used to excite the nerve is always maximal. There 
exist at present, so far as I am aware, no experiments which settle this 
question for the nerve-fibre. The experiments published by Waller 
some years ago, in which the negative variation in nerve is seen to go 
on increasing with increasing stimuli after the attached muscle has 
reached its full contraction, might at first sight be taken to imply that 
the nervous impulse in a nerve- fibre does continue to change with the 
strength of the stimulus when once established. But in reality the 
experiments afford no proof of such a relation, The nerve used in these 
experiments was the sciatic of the frog, the muscle the gastrocnemius. 
And the sciatic nerve contains many fibres which do not run to the 
gastrocnemius. It is therefore possible that after all the fibres going to 
that muscle had been excited, further increase of the stimulus continued 
to call into activity other nerve-fibres of different destination which had 
not previously been excited. We must therefore regard the question 
whether the response of a nerve-fibre is capable of gradation as being 
at present undecided, : 


SUMMARY. 


The small number of motor nerve-fibres (8 to 9) by which the 
cutaneus dorsi muscle of the frog is supplied affords an opportunity of 
enquiring whether it is possible by grading the stimulus applied to a 
nerve-fibre to obtain graded contractions of the striated muscle-fibres 
which each nerve-fibre supplies. 

It is found that when a series of stimuli of increasing strength is 
sent into the nerve to the cutaneus dorsi the contraction of the muscle 


increases in a few definite steps. When once a step has been established | 


further increase of the stimulus causes no further increase of the 


1 Waller. Brain, xvin. p. 210, Fig. 8. 1895. 
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contraction until a new step is reached. Such continuous increase of 
contraction as is observed after any step has been reached appears to be 
due to the favourable effect of previous contractions, since it still 
follows the sequence of the contractions in tiine if the experiment is 
reversed so that each stimulus is weaker than the last. 

Presumably each step in the increase of contraction means that 
another nerve-fibre (or group of nerve-fibres of like excitability) has 
been excited, and that the muscle-fibres to which that nerve-fibre runs 
have consequently contracted. It follows that in each muscle-fibre the 
contraction is always maximal regardless of the strength of stimulus 
which excites the nerve-fibre. 


The skeletal striated muscle cell of amphibia therefore resembles the 


cardiac striated muscle cell in the property of “ all or none” contraction. 
The difference which renders it possible to obtain ‘submaximal’ 
contractions from a whole skeletal muscle but not from a whole heart 
is not a difference in the functional capabilities of the two types of cell ; 
it depends upon the fact that cardiac muscle cells are connected one 
with another, whereas skeletal muscle cells are isolated by their 
sarcolemma. The ‘submaximal’ contraction of a skeletal muscle is the 
maximal contraction of less than all its fibres. 
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INTRODUCTION. 


Ir we make a general survey of our present knowledge of cutaneous 
sensibility it is at once clear that, in spite of the very great amount of 
both brilliant and laborious work that has been done, many of the 
essential problems remain unsolved ; and that many pieces of such work 
have merely yielded disconnected hypotheses incapable of being brought 
together into any generally acceptable body of theory. It would seem 
that the latter peculiarity of the case is in some degree dependent on 
the fact that the investigations have until recently always been made 
along two widely separate avenues of approach, by observers greatly 
differing in training and interests. On the one hand we have a great 
mass of work on the sensory capacity of the normal skin. This work, 
which we may call the positive or physiological, has been concerned with 
the enumeration and measurement of the various sensations which may 
originate in skin possessed of its full sensory functions; the results of 
the various workers along this path have been on the whole consistent 
or complementary to one another, and have been obtained by a 
characteristic group of methods which have undergone continuous 
development and are to-day of unshaken validity. The essential 
features of the method are based on the recognition that function in 
the normal skin is distributed in, and limited to, minute and sharply 
localised spots. This conception was first established by Blix, it was 
further elaborated by Goldscheider, and received its final extension to 
all forms of sensibility from von Frey. 

On the other hand the problem has been approached from what we 
may call the negative or pathological side, an attempt being made to 
enumerate and measure the various forms of sensory loss shown by skin 


deprived of its nerve supply. The interest of investigators has always 


been directed more towards anatomical distribution than towards 
minutis of function, and in correspondence with this fact the methods 
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chosen have for the most part been strikingly different from those of the 
physiological school. The work has been dominated by the anatomical 
conception of definite sharply outlined areas of loss, and little or no 
attempt has been made until recently to apply the more delicate 
possibilities of detailed investigation. Work done with these grosser 
methods, while adding but little to our knowledge of function, has for 
the most part proved fairly adequate for anatomical purposes, and it is 
clear that under the circumstances in which it has been carried out but 
little could be hoped from the finer methods of the physiologist. The 
latter has always had in the making of his observations the advantage 
of using as a subject a person possessed of scientific training; the 
worker in the pathological field has had his material determined for him 
by disease or accident without reference to intelligence or training. 

It was reserved for Henry Head first to conceive the possibility of 
combining the advantages of both schools, and of obtaining material for 


investigation on the negative side in a subject who could be selected for 


his known capacity as an observer instead of by the fact that he had had 
the misfortune to lose the function of a nerve. The advantages of the 
combination of methods were shown by the discovery of a number of 
phenomena that had previously escaped attention. The results obtained 
showed conclusively how much had been lost by the grosser methods of 
previous workers on the abnormal, but they were also to some extent in 
conflict with the physiological work founded upon methods which still 
seem to be unexceptionable. In regard to this latter want of corre- 
spondence it is important to remember that the work of Head presents 
certain special features. The actual pioneering part of it upon which 
the new conclusions were based was done upon a single subject and 
upon a single area of sensory loss, 

There can be no doubt that the most satisfactory conditions would 


be obtained in observations made on several different areas in more than 


one subject; such observations must possess as evidence certain 
advantages which cannot be obtained in work upon a single area. 
After the section of a nerve some considerable time must be occupied 
in the organisation of methods and in the accustoming of the subject to 
recognise and to record with precision a large number of abnormal 
sensations which have the confusing quality of the completely new. 
Thus the time available for satisfactory examination of the area before 
change has begun may be considerably limited, possibly even to the 
extent of interfering with that repetition of testing which is so necessary. 
Again as soon as the process of regeneration has begun, the picture 
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presented by the area is a continually changing one, so that the extent 
to which new experience can be made use of in repeating previous 
observations in a modified form is much restricted ; it is probable that 
this applies with a special significance to the appearance of the earliest 
stages of recovery. Unless the subject already knows what to expect 
we may suppose that it would be very easy for him altogether to 
overlook phenomena which are in essence so elusive and variable. 
There can be no doubt then that could technical difficulties be overcome, 
certain substantial advantages would be obtained if a number of different 
areas were accessible to examination one after the other, each being 
used to corroborate observations on the preceding and to study what- - 
ever new problems should have been suggested by the work already 
done. Naturally if material could be obtained in more than one subject 
the satisfactoriness of the results would be increased. 

Such difficulties are twofold: on the one hand the obtaining of the 
material, and on the other those of the actual observations. It is clear 
that it is the difficulties in obtaining material that in the past have 
proved most serious, but it is equally clear that they are merely surgical. 
The essential requirements are to find with certainty the nerve it is 
proposed to divide, to carry out the operation without a serious amount 
of disturbance of the tissues or of the immediate subsequent function 
of the part, and to ensure complete repair. The trouble in obtaining 
material seemed to us as surgeons capable of being dealt with, and 
we felt therefore encouraged in attempting to overcome the other 
obstacles, 

The difficulties of observation are questions of detail which must be 
discussed later, but a few general remarks may be made here on certain 
of them. In the first place it may be said at once that there is perhaps 
no other problem in research which requires the expenditure of so much 
time in actual personal observation. To examine and record for example 
the sensibility to cold of a fairly large area takes from 45 to 50 hours, 
and this in spite of the fact that cold is the easiest and most precise 
form of-sensation to investigate. It is of course clear that such obser- 
vations must be repeatedly made in each area. When the form of 
sensation is less precise or is painful, the time occupied may be very 
much longer. Again, much of the work must be unbearably tedious 
unless the subject himself is deeply interested, and this is perhaps the 
most powerful argument against the use of patients as subjects for 


such research. It is in this relation also that it becomes evident how i 
desirable it is that the person who at any given time is making the 
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actual observations should know from his own experience how great are 
the difficulties of tedium and discomfort that the subject has to 
overcome. As might be expected in a matter involving so great a bulk 
of minute detail, occasions are unfortunately not infrequent when 
material laboriously collected is found to be inapplicable; for example 
at a certain stage of the work we were led to make and record in detail 
a series of 50,000 separate touches only to discover that the solution we 
had sought was not to be obtained by that method. It is then that the 
special interest imparted by the participation of each in both sides of 
the research is most valuable. 


Part IL. METHODS OF EXPERIMENTATION. 


Material. For reasons already given we were convinced when we 
undertook this investigation that such work could be based only upon 
observations made under experimental conditions with a trained observer 
as subject. We propose therefore to publish here such observations 
only as we have made upon ourselves. The chief bulk of the material 
has been obtained through the division by operation of seven cutaneous 
nerves in one or the other of us, but this has been supplemented by 
certain other experimental work which it became necessary incidentally 
to undertake. For example various observations were made on the 
effect of the injection of adrenalin into the skin and upon the effects 


produced by the paralysis of a nerve trunk through the injection of a 


local anzesthetic, 

The cutaneous nerves we divided were the following: first the 
internal saphenous at the knee; six weeks later the great auricular or a 
main branch of it at the posterior border of the sternomastoid; three 
months later the posterior division of the internal cutaneous of the arm 
just below the elbow; a month later the anterior division of the same 
nerve at the same level; and after a similar interval a branch of the same 
nerve lyihg between these two. A month after the division of the last- 
named, a branch of the middle cutaneous of the thigh was divided just 
belew the sartorius in one of us, Finally after an interval of seven 
months the corresponding nerve was divided in the other. 

The following were the reasons which determined the choice of 
the several nerves: the internal saphenous presented some anatomical 
interest as no case of isolated lesion of it had as far as we were aware 
been submitted to exact observation”. Moreover we then thought it 
_ advantageous to obtain as large an area of anssthesia as was possible 
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from the section of a single cutaneous nerve. The proximity of the 
area supplied by the great auricular to that of the fifth cranial nerve 
gave the opportunity of furnishing observations complementary to the 
investigations of one 0 of us on the latter. The internal cutaneous 
seemed to present a most favourable opportunity for the section in 
succession of two nerves which certainly supplied adjacent areas. After 
the posterior and anterior division had been cut, it was found that there 
was an intermediate area which still retained sensibility; this was 
supplied by a third branch of the internal cutaneous, section of which 
gave us a compact area of anssthesia made up of three components the 
distribution of each of which we knew. The desire to make a second 
observation of a like character led us to divide one of the branches of 
the middle cutaneous in the thigh. So far it has not proved necessary to 
deal with the second branch of this nerve. The observations made upon 
the areas supplied by these six nerves had yielded information which 
seemed to us to be worthy of reliance, and in some directions to be fairly 
complete. It had been collected, however, during a period in which the 
methods of investigation used had been undergoing a more or less 
continuous development. We felt therefore that although the facts 
seemed clear they should be submitted to a crucial experiment in which 
we could employ the more thoroughly systematised methods of investi- 
gation that experience had yielded. It was for this reason that after an 
interval of seven months from the section of the sixth nerve of the 
series, the second middle cutaneous was divided, this particular nerve 
being chosen because the resulting area of altered sensibility is very 
conveniently situated for examination and causes very slight disability. 
By a number of dissections on the dead body we attempted at first 
to establish rules whereby we could find with certainty various cutaneous 
nerves. It soon appeared, however, that the range of variability was so 
great that this was impossible without the use of incisions of much 
greater length than we were prepared to regard as desirable, In casting 
about for a more satisfactory method we found that when a ‘finely 
pointed electrode of a faradic battery is applied exactly over a cutaneous 
nerve which is external to the deep fascia, a characteristic fluttering 
sensation is produced in the extreme peripheral part of the area which 
will be rendered anzsthetic by section of the nerve. This sensation 
is extremely easily recognised, quite distinct from the concentrically 
radiating and more or less painful sensation produced by faradisation 
of the skin, and is never felt unless the electrode is exactly over the 
nerve. By using this method we found that we could define the 
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position of a given nerve with absolute certainty and if necessary trace 
its course, That the method was adequate in practice is shown by the 
fact that in the six cases—namely all except that of the first nerve 
divided—in which we used it, we invariably found the nerve immedi- 
ately under the spot marked. An incision of half an inch would always 
have been adequate for the finding of the nerve; in fact, however, we 
generally allowed ourselves as much as an inch to an inch and a half to 
permit of sufficient freeing to render the suturing satisfactory. 

All the operations were done under local analgesia with eucaine and 
adrenalin. An interval of half an hour was allowed td elapse between 
the injection and the making of the incision, and the anmsthetic proved 
in all cases to be thoroughly efficient not only for the wounds but also 
for the nerves’. In each case the nerve was exposed, a piece of it a 
quarter of an inch long was excised and the ends sutured together. 

It may be of interest to anyone contemplating similar work if we 
add a few words about such inconvenience as was entailed by these 
small operations. For from two to four hours after the operation in 
each case the wound was quite painless, then began the usual local pain 
which varied in intensity with the extent to which the patient used the 
part; it generally began to pass off in from four to five hours. With 
the appearance of local pain set in also pain in the areas of distribution 
of the nerve, due apparently to the suturing; it was usually quite severe 
for twenty-four hours, and during the next two or three days was con- 
fined to attacks generally traceable to pressure on the point of suture or 
to stretching of the nerve. In no case was the patient incapacitated from 
active work, although he was compelled for a week or ten days to be 
circumspect in the use of the part. 

In all the operations we had the advantage of the assistance of our 
friend Dr R. G. Ellwell. His generosity in meeting the demands we 
made ‘upon his skill and patience has never failed and has given us help 
of the utmost value. 


* The solution used was 1 in 500 8-eucaine and 1 in 100,000 adrenalin chloride as 
recommended by Mr Arthur E. Barker. It is well known how much surgery has 
profited from the work done in the field of local anmsthesia by Mr Barker, and we gladly 
welcome this opportunity of acknowledging that, but for this, the present research could 
not have been undertaken. We should like to add that we both of us have had the especial 
advantage of learning from Mr Barker himself the technique, to the satisfactoriness of 
which each of us can testify both as surgeon and as patient, 
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Technique of observation. 


General remarks. The obvious method of studying scientifically 
problems of sensation is to record and compare the effects of stimuli 
which are constant or directly measurable, and this is the principle 
which underlies the researches on which the physiology of sensation is 
based. It must not be assumed, however, that such a method is 
exhaustive in disclosing the finest changes which a lesion of a sensory 
nerve produces. Sensitiveness to the discrimination of stimuli will 
always have been rigidly conditioned by the practical value to the 
species of such capacities, that is to say, we may expect that a man’s 
fineness of sensibility will bear a direct relation to the customariness of 
the stimuli by which it is tested and that the farther we depart from 
stimuli which are familiar to the subject and the appreciation of which 
will have been of value to his ancestors, the more likely are we to meet 
with anomalies or to overlook minor changes. A striking example of 
the direction of sensory capacity by these biological conditions is shown 
in the case of the sensations produced by stimulation of the skin with 
the faradic current. Von Frey “ has shown that the sensation produced 
by such stimulation is twofold, containing an element of pain, and an 
element of touch. He has also demonstrated that the pain is produced 
on the pain spots by a current of less intensity than that which produces, 
on other appropriate spots, the sensation of touch. Clearly this relation 
of the thresholds for touch and pain renders sensibility to the electric 
current strikingly anomalous and of very slight value to the possessor 
of it, for we find that in the case of all other forms of stimulus capable 
of causing touch and pain, the touch sensation appears with a stimulus 
of less intensity than does the pain sensation. As von Frey himself says, 
Es zeigt sich darin recht deutlich dass in der Organization des Körpers 
electrische Reizung nicht vorgesehen ist, oder mit anderen Worten, dass 
der electrische Reiz eigentlich ein unphysiologischer ist.” This pos- 
sibility applies, however, not only to a form of stimulation so obviously 
unphysiological as the electric current, but also to certain methods of 
applying forms of stimulation which we are apt to look upon as quite 
natural; for example, the most satisfactory method we have of examining 
losses of sensibility to touch is undoubtedly that of the von Frey 
esthesiometer, nevertheless it is fairly clear that the discrimination of 
touches given in this way cannot have been customary to the individual 
or have been specifically favoured by the processes of selection to which 
his ancestors have been subject. It is easy to realise how relatively 
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unphysiological is the von Frey esthesiometer when we remember 
how rare in ordinary life is any practice in the discrimination of slight 
touches passively received, and how important a part is played in 
all fine discriminations by repeated comparisons of the sensations 
experienced. 

It may be suspected therefore that forms of hypoesthesia might 
occur which it would be impossible to detect by von Frey’s method, 
that is to say, that two areas of skin may be to the subject distinguish- 
ably different as sources of sensation and yet give identical results when 
examined with the von Frey hairs. There is in fact then, in the nature 
of things, a difficulty in obtaining a stimulus which shall be measurable 
and to which the subject shall be maximally sensitive; hence for the 
determination of the slightest grades of hypowsthesia it may be necessary 
to abandon the quantitative method and choose one which gives us 
qualitative results only. Such a qualitative method must deal with that 
form of stimulation sensitiveness to which will have been specifically 
encouraged by the selection to which the race has been subject. 
Sensation has developed in man to keep him precisely informed as to 
the nature of his customary environment. The most delicate measure 
of sensory loss will be obtained by determining whether or not such 
customary environmental stimuli applied to the suspected area produce 
sensations which are in any way unusual or different from those pro- 
duced by stimulation of the normal surrounding skin. We may say 
at once that we have found the facts to be in accordance with these 
general considerations. When a person has lost the sensibility of a given 
region as a result of section of a nerve, it is invariably the case that the 
maximal extent of change is that obtained by getting him to mark out 
the area which feels in any way unnatural when he touches it himself. 
Furthermore, not only is this the largest area of detectable change but 
it is considerably larger than that outlined by the use of any of the 
quantitative methods. 

We have already called attention to the fact that in most previous 
work upon the abnormal it has been assumed that the various forms of 
loss of sensibility could be marked out in compact areas, and to the 
fact that physiological work has. shown that normal sensibility is 
always distributed in minute distinct units, so that it might have been 
supposed that there would be difficulties in outlining hypomsthetic 
regions by a single definite boundary. Such in fact we found to be the 
case, and as the result of many early disappointments we were led to 
adopt the physiological method as the only one capable of yielding 
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accurate results in the abnormal. It is not of course implied that these 
laborious methods are necessary in clinical work, but it is most strongly 
held by us that they are indispensable in research. 

It is clear that in the investigation of the problem of sensation by 
any method whatsoever, the value of the observations is never free from 
the serious qualification that no objective measure or record of a 
sensation can be made. The practical consequences of this are, first to 
render the comparison of sensations due to stimuli in different parts 
uncertain, and secondly to make still more uncertain the identification 
of sensations experienced by two persons. We have throughout been 
greatly impressed by these difficulties, and in no part of the field has 
the need for circumspection seemed greater than in connection with 
sensations of pain and the minor thermal sensations. Scepticism is 
more than ever necessary when one is dealing with abnormal sensations, 
because these seem to be more numerous and more variable than the 
normal as well as being unfamiliar. As a very important part of the 
work was concerned with conclusions based on the comparisons of 
abnormal sensations in two different individuals, it may be useful if we 
attempt to summarise such sensory peculiarities of these two subjects 
as we have observed and are able in any way to define. 

Before the nerve sections were begun, and from time to time since, 
we have made a number of comparative observations on the two of us 
with a view to estimating our relative normal sensory capacity. In A, 
the normal touch threshold, for the skin of the limbs at any rate, is 
slightly but distinctly higher than it is in B. With this should certainly 
be correlated the fact that in A’s skin the hairs are fine and less closely 
set than they are in B's; that is, the more hairy skin, while obviously 
thicker and less delicate than the less hairy, is more sensitive to touch. 
The more sensitive skin shows the goose-skin reflex, it may be added, 
more frequently and in a more marked degree than the less sensitive. 

In a long series of observations. with Weber’s compass test a 
constant and striking difference was shown. As is well known the 
subject when being tested for the discrimination of two points may 
make mistakes in one of two directions; not only may he describe a 
contact with two points as single, but he may describe a contact with 
one point as double. It is convenient to denote the incorrect answer 
given by a subject when he is touched with two points as a single-two 
and the incorrect answer when he is touched with one point as a double- 


one. Now B always gave fewer of these double-ones than he did single- 


twos, whereas A gave a strikingly larger number of double-ones than 
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single-twos. Thus, when all the results were lumped together, it 
appeared that A was definitely less sensitive to this form of testing 
than B; analysis, however, showed that his excess of error was entirely 
confined to double-ones, and that in the discrimination of two points he 
was constantly slightly better than B. For example, in a series of obser- 
vations on normal skin in which each subject received on corresponding 
parts 3120 touches (1560 single, 1560 double) B failed to feel two points 
as distinct 409 times, while A made the same mistake only 382 times; 
on the other hand, while B felt a single point as double 274 times, 
A made this mistake no less than 512 times. Into the significance of 
these very remarkable results we have not had the opportunity of 
making an exhaustive investigation. It would seem, however, to be 
probable that the excess of error shown by A cannot be regarded as due 
in any ordinary sense to an inferior sensorial capacity. 

With regard to the more general aspects of the question of sensorial 
acuity, we may say that sensations to A seem on the whole to be more 
definite and more easily recognisable than they are to B, in whom 
recognition and discrimination are much more subject to doubt ; 
sometimes such doubts have been justified and at other times they 
disappeared with praetice. In general, new sensations felt and described 
by the one have been experienced sooner or later by the other. It is 
in respect to pain and temperature that most of these new sensations 
have been felt. 

Touch. In the investigation of the losses of sensation to touch we 
have used three methods, one qualitative and two quantitative. The 
qualitative method makes use of the facts that the customariness of the 


stimulus and the possibilities of frequent comparison are of great 


importance in the detection of minute changes; in consequence of 
the delicacy it thus gains it always gives the maximal area of altered 
sensibility. We have described the method and given some of the 
clinical applications of it elsewhere, so that we need not now give any 
detailed description, Briefly it consists of the outlining by the subject 


~of the area which feels to him in any way abnormal. This is best done 


by gentle stroking touches with the finger, the boundary of change 
being approached from the normal. For exact work the part should be 
shaved. The change of quality noticed is not always the same in all 
parts of the boundary, so that the standard we adopt is to mark any 
change whatever. The results given are surprisingly constant. As will 
be shown later this area of minimal change persists unaltered long after 


the process of regeneration has begun; yet during all these months 
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it can be marked out by the stroking method with the greatest 
precision. 

| Of the quantitative methods which we have used we have come to 
rely entirely upon that of von Frey for detailed work, and we do not 
regard an area as having been satisfactorily examined as to its 
sensibility to touch, until we have determined the threshold stimulus of 
every touch spot. It is convenient, however, to employ under special 
circumstances quantitative methods which are somewhat less laborious, 
such for example as the methods making use of a fixed minimal pressure. 
Cotton wool, as recommended by Head, we have found to be somewhat 
awkward and unmanageable in detailed work, and we therefore use for 
the same purpose a fine camel’s hair brush’, The principle is the same 
as that which underlies the use of cotton wool, namely that the pressure 
exercised is always below the threshold of deep sensation. The outline 
obtained by some such stimulus is a convenient one because it does 
represent a line of considerable change of sensibility. We may say with 
a sufficient approach to accuracy, that the line corresponds with the 
external boundary of that grade of anesthesia which feels to the subject 
distinctly numb, and with the internal boundary of that grade of 
hyposesthesia in which a large number of the touch spots have a 
threshold not far from normal. 

Weber's Test. For making any extensive series of tests of the 
capacity to discriminate two points we have found the ordinary pair of 
compasses to be unsatisfactory on account of the difficulty of applying 
one point with promptitude and neatness when the two points of the 
compass are at all near together. We have therefore used a light 
wooden instrument with three adjustable arms so that it is not necessary 
to use for the single touches one of the points which is being used for 
the double touches. It is most convenient to use the instrument with 
the arm which is used for the single touches at about a right angle to 
those that are set for double touches, so that the stimulus can be 
changed by a movement of simple rotation of the observer’s wrist. 

Such other special features of technique as there are to which we 7 
desire to call attention will be conveniently dealt with along with the af 
description of the various modifications of function in the investigation | 15 
of which they were used. 8 


1 This consists of a pencil of the finest camel’s hair half a centimetre in length and 
3 forming a bundle not more than half a millimetre in diameter at the base. In the rest of a . 
more descriptive phrase camel’s hair brush.“ 
PH. XXXVIII. 10 
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Temperature. For the application of various temperatures to the 
skin we have used copper cylinders of 6 mm. diameter terminating in 
a short process 1 mm. in diameter. The temperatures most commonly 
used are 50°C. and 0°C. The cylinders are readily heated to the 
former temperature in beakers over a sand bath, whilst for temperatures 
ranging downwards from about 20°C. we have used a felt-lined box 
containing a series of Dewar's flasks in separate compartments. 

A few words may appropriately be added here on one of the 
difficulties of testing. At the beginning of a series of tests it often 
happens that there isa period during which no clear sensation of 
temperature is obtained. Of all thermal sensations that of true heat is 
the one which most commonly cannot be appreciated. This disability 
is usually not of long duration but occasionally, for some reason we 
have not been able fully to trace, it is more lasting, so that the 
investigation has for the time to be abandoned. It is therefore a 
practical point of some importance to begin any series of observations 
by ascertaining by some preliminary tests upon the skin surrounding 
the affected area whether the subject can appreciate normally the form 
of stimulus which is being used. 

The investigation of thermal sensibility is one of the most difficult 
tasks which the study of the sensory functions presents. It is very often 
impossible to estimate precisely the significance of previous work on 
account of the want of definition of terms, the confusion of temperatures 
with sensations of temperature and the fact which has been so largely 
ignored that the sensations themselves are frequently so baffling and 
elusive to appreciate and describe. Moreover, from the very nature of 
the function of this form of sensibility, the results of observations under 
different conditions of external temperature are very variable or even 
contradictory. It will be necessary therefore for us to enter somewhat 
fully into preliminary considerations. 

The various thermal sensations which can be elicited from normal 
skin form two series, heat and cold. Each of these has at the one end 
a characteristic maximal sensation, and at the other sensations of 
diminishing intensity finally fading into indifference. . If the skin be 
tested with decreasing temperatures from 50° C. downwards, the series of 
sensations produced is not a continuous one but is interrupted as soon 
as the temperature of the testing cylinder gets to within 5 or 6 degrees 
of the temperature of the skin, and is not resumed until the similar 
distance below the skin temperature is reached. Temperatures of this 
intermediate region are felt as indifferent, and moreover the sensations 
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elicited by temperatures bordering on this region are of very slight 
intensity and shade gradually into the indifferent without there being 
abruptly marked off minimal sensations. It is of great importance to 
the understanding of the state of affairs when thermo-hypowsthesia exists, 
to realise that the skin is normally insensitive to temperatures of a 
certain intermediate range, that in the series of sensations from hot to 
cold there is a gap of anwsthesia. Such of course might have been 
expected to exist when it is clearly understood that the function of the 
temperature sense is to appreciate temperatures differing from that of 
the general surface, and that therefore sensitiveness to temperatures 
near that of the skin is of no value. The adjustment of the capacities 
of the temperature sense to the needs of the organism goes further, for 
as is well known the relation of the intermediate group of indifferent 
temperatures to the thermometric scale is not an absolute one but varies 
according to the temperature of the skin at the moment. By warming 
or cooling the skin the normal intermediate thermo-anesthesia can be 
shifted upwards or downwards respectively in relation to the thermo- 
metric scale. This elasticity of the temperature sense is clearly an 
expression of the importance of the organism being able to derive 
sensations from objects differing in temperature from the body surface. 
The series of sensations experienced during testing with decreasing 
temperatures may be described as hot, warm, indifferent warm, 
indifferent, indifferent cool, cool, cold, intense cold. Further increase 
of the stimulus in either direction will cause pain, The sensations warm 
and cool, it is important to note, are not sharply cut off from the 
indifferent, whereas the maximal sensations hot and cold are extremely 
precise. Of two grades of the sensation of warmth it cannot be said 
that there is anything in the one which is not in the other, the 
difference is one purely of intensity; on the other hand, between the 
sensation of heat and the most marked warmth there is a distinct 
difference of quality—heat possesses a certain abruptness and, so to say, 
brightness which warmth lacks. The sensation of heat consequently 
forms a very satisfactory standard of normal sensibility, whereas warmth 
shading as it does imperceptibly into the indifferent cannot be used for 
testing purposes. If an attempt is made to make use of it, the subject 
finds himself very soon in difficulties on account of the impossibility of 
maintaining the distinction between warmth and indifference. It is 
very remarkable that a sensation, which in the normal we are so 
accustomed to regard as being very definite, should prove in the presence 
of hypowsthesia extremely vague and elusive. The difficulty is further 
10—2 
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increased by the fact that what appear to be unmistakable sensations of 
warmth are frequently elicited from areas which there are strong reasons 
for believing to be thermo-anesthetic. The reasons for believing these 
sensations to be hallucinatory are, that they are elicited with ice just as 
much as with hot objects; that in regions yielding hallucinatory warmth 


it is not possible to discriminate temperatures of 0° C. and 50°C.; that 


the results obtained are very variable, a spot which at one time gives 
distinct warmth to ice, at another time will give indifference, and 
finally that such sensations may often be elicited from the midst of 
an area the rest of which is unquestionably thermo-anesthetic. (See 
Appendix II.) 

The possibility then that any given response of warmth may really 
indicate thermo-anesthesia is of very great practical importance in the 
estimation of sensibility to temperature. The most obvious corollary of 
the fact is that heat cannot be used as the stimulus for outlining the 
areas of complete thermo-anesthesia, because sensations introspectively 
indistinguishable from true warmth may be felt by the subject when 
spots far within the true thermo-anzsthesia line are being tested. 

This leads naturally to the problem of the effect of hypossthesia 
upon thermal sensibility and the methods by which alterations in the 
latter are to be estimated. 

When a temperature spot has its sensitiveness reduced, the sensa- 
tions roused by the appropriate temperatures are reduced in intensity, 
so that for example on a heat spot a temperature which gave before a 
sensation of warmth now gives indifferent warmth or indifferende; while 
on a cold spot a temperature which gave cool now gives indifferent cool 
or indifference. The same of course applies to the maximal sensation 
in each case, warmth is felt instead of heat, cool instead of cold. Thus 
the characteristic change of thermo-hypowsthesia is the disappearance 
of the maximal and minimal sensations. The disappearance of the 
minimal sensations will lead to an extension of the range of temperatures 
which are felt as indifferent, and will appear as an ansesthesia to inter- 
mediate temperatures, or rather an increase of the normal intermediate 
thermo-anssthesia, while the disappearance of the maximal sensation 
is quite likely to escape notice, for the given spot still reacts to heat or 
cold as the case may be, giving a sensation quite distinctly recognisable 
but of diminished intensity. It is obvious that unless the facts we have 
just been considering are taken into account in organising the technique 
of observation, the nature of the change in areas showing thermo- 
hypossthesia may be misunderstood. For example, such an area may 
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be described consistently with the facts as “reacting” to extremes of 
temperature while being anzsthetic to intermediate temperatures, and a 
misleading conception of the actual state of affairs be given. 

Clearly, therefore, the first essential is the precise definition of what 
is meant by a spot responding or reacting to a given temperature. The 
fact that a sensation of the heat or cold series is experienced must be 
supplemented by information as to its intensity. For example, suppose 
a given area to yield sensations only of warmth when tested with 
50° C., it may be described as responding to this temperature and 
therefore of normal sensibility to heat, yet it may in fact be thermo- 
anesthetic, for the “response” may be one of hallucinatory warmth ; or 
it may be thermo-hypoesthetic, for the response may be without the 
element of true heat. 

To obtain the outer limit of thermo-hypossthesia, therefore, it is 
necessary to find the inner boundary at which true heat or cold can be 
felt. The actual spots where the responses are obtained must be marked 
and the whole region must be tested, for the boundary is not a uniform 
line but merely a zone where the spots become sparsely scattered and 
cease. Such examination it is important to make with both heat and 
cold as we shall see later in considering regeneration. 

The outer boundary of complete thermo-anzsthesia can, as we have 
already pointed out, be obtained only from the use of cold as a stimulus, 
because of the occurrence of hallucinatory warmth. In this case all 
sensations having any quality belonging to the cold series must be 
responded to and the spots where they are elicited marked. . 

Discrimination tests are not in general of much value, They are very 
laborious to carry out and must be done in very large numbers to give 
results on which any reliance can be placed. They are chiefly of use in 
distinguishing between true and hallucinatory warmth and as an aid in 
determining thermo-anesthesia, where, seeing that the work is entirely 
in minimal sensations, repeated standardisation is necessary. 

The subjoined scheme has been added to bring out more clearly the 
relation of the normal series of thermal sensations to the hypossthetic 
series. It will be seen that in the latter case all sensations are reduced 
while the minor ones are abolished. The temperatures in the two 
columns to the right have been added to give a general idea of the 
relation of the various sensations to the thermometric scale. We wish, 
however, very emphatically to state that the relations given here are 
true only in the most general way, for they depend upon the temperature 
of the skin at the time of 3 and upon the conductivity and specific 
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heat of the object with which the tests are made. The true significance 
of such thermometric relations can best be realised if it is remembered 
that the function of thermal sensibility is to register not temperatures 
but the rate of loss or gain of heat. | : 


Pain. In the clinical examination of alterations of sensibility to 
pain and in such experimental work on the human subject as has been 
0 previously done, it seems to have been assumed that no special 
precautions were necessary for ensuring invariability of the stimulus 
and that any method that gave fairly similar excitations must be satis- & 
factory. Of these qualitative methods the most usual have been . 
pricking with a needle and the use of the faradic current. In the 
earlier part of our work we used both of these extensively. The 
disadvantages of the latter were soon evident and sufficiently serious to 
render it of very little value to us. They lay in the variability of the 
results, due, as far as we could ascertain, to the difficulty in ensuring 
such uniform moistening of the skin as to give uniform conductivity. 
This difficulty was especially great in a part covered with records in 
paint of other investigations which it was necessary to preserve. Ulti- 
mately moreover, finding that so much of the work was concerned with 
the comparison of the various sensations of pain, we found that a very 
much higher standard of uniformity in the stimulus was necessary than 
could be obtained with pricks given with the needle in the ordinary 
way. We were led therefore to adopt, except for the very roughest 
examinations, methods in which could be ensured according to circum- 
stances either exact constancy or precise graduation of the stimulus, 8 
Stimulation by pin-prick has certain advantages of which the chief is 3 
exact localisation. It therefore was desirable to be able to make use of = 


co 


= 
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: Series of sensations obtainable Series of sensations obtainable Approximate . 
from normal skin from hypoeesthetic skin thermemetrie 
4 in series Sensation Sensation Position in series — — 
Supermaximal Pain Pain Supermaximal 140 F. 60°C. 1 
Maximal Hot Warm Maximal 120° F. 50% C. 0 
Warm Indifferent warm Minimal 100° F. 38° . ‘ 
Minimal Indifferent warm Indifferent Intermediate 96° F. 35° C. 
ansssthesia 
Intermediate Indifferent Indifferent 90° F. 82°C. 
antesthesia 
90 Indifferent Indifferent 88 F. 80° 0. 
Minimal Indifferent cool Indifferent 80° F. 27° 0. 
Cool Indifferent cool Minimal 70° F. 21°C. : 
| Maximal Cold Cool Maximal 60° F. 15° 0. 3 
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this method, and this we did by devising a little arrangement in which 
the force pressing the needle against the skin was applied by the bending 
of one or the other of a set of von Frey hairs (Fig. 1). It is not claimed 
for the instrument that it gives absolutely exact results, and it must be 
used with a certain expertness or it will prove misleading; with these 
qualifications we may say that we have found it in practice of great 
value. It undoubtedly gives a stimulus of much greater uniformity 
than the old method, with practically no increase of the expenditure of 
time. There are, however, certain general disadvantages which apply 
to any modification of the method of pin-pricks. One of the most 


Fig. 1. Hair Algometer. 

to which can be fixed in any desired position the clamp holding the von Frey hair ; 
at the other end of the bar is the vertical socket in which the needle fits. An 
ordinary fine and rather short sewing needle is used; to the eye end of it is fixed 
a small globule of lead in the top of which is made a conical pit for the lodgement of 
the tip of the von Frey hair. 

When the instrument is being used it is important that the needle should be 
applied vertically to the surface of the skin, and for this purpose thumb pieces are 
provided so that the bar can be conveniently held at the situation of the needle. 
The socket allows the needle to run more smoothly if a little French chalk is 
rubbed into it. 

In the figure the instrument is 
hairs in position, The point of the needle is to be put against the skin and the 
whole instrument depressed until the head of the needle has risen for about a 
quarter of an inch. 
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serious of these is the difficulty of finding again pain spots which have 
previously been identified. Such spots are extremely minute and may 
very easily fail to be detected even after repeated prickings in the 
neighbourhood of them. This makes it desirable to have a form of 
stimulus which can be applied over a considerable area. Another dis- 
advantage is that in comparative work it may be necessary to stimulate 
the same spot repeatedly and if, as frequently happens in a markedly 
hypoalgesic area, considerable force is necessary to elicit the characteristic 
sensation, the spot becomes so damaged as to cease to respond at all. A 
form of stimulation therefore is necessary by which pain spots can be 
repeatedly excited without being injured. Both these requirements are 
satisfied by the use of heat as the source of pain, and this method has 
the additional recommendation of allowing very exact graduation. 

Methods of recording. It was clear to us from the outset that, if 
results of any exact value were to be obtained, altogether special methods 
would have to be devised to obtain records of the various changes 
sufficiently precise to allow of exact comparison over considerable 
intervals of time. At first we thought that outlines of the various limbs 
obtained from photographs giving a known reduction in size would be of 
value. Such we had prepared’, but difficulties of fore-shortening 
rendered them practically useless and we gave up the attempt to record 
minutiz of detail in connection with the outline of the limb. We now 
use two methods. First for displaying general features of distribution 
of a nerve we employ photographs of the actual part with the various 
features it is desired to record marked on it. Secondly, for detailed 
work, the area is marked with various coloured inks and different signs; 
these are then traced off with thin tracing paper applied to the limb in 
narrow strips so as to gllow of exact fitting, and then the result is com- 
bined in a flat surface chart which gives all the details in such a way 
that they can be readily studied and compared with other similar records. 
When it is important to obtain still more precise data for comparison 
we mark the surface of the skin with silver nitrate®. In this way we 
have kept in many instances features marked out for periods of several 
months, so that we have been able to detect the earliest phenomena of 
regeneration without difficulty. 


* The photographs were kindly taken for us by Mr Higham Cooper, Radiographer 
to University College Hospital. 

* A 80% solution of silver nitrate we have found to be the most satisfactory strength. 
It is painted on and allowed to dry, and is then moistened with a solution of pyrogallic 
acid to ensure immediate and complete reduction. : 
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For the recording of changes in the area of the great auricular nerve 
a special method was devised. A mask of wire netting of about 1 cm. 
in the mesh was moulded to the side of the neck and head so that it 
could always be applied and fixed in exactly the same position, A 
photograph was taken with the mask applied, and from this diagrams 
were constructed showing the various strands of the mask superposed 
upon the face. When a given series of observations had been marked 
on the face the mask was applied, and with this as a guide it was possible 
to copy down the marks made on the skin on to one of the diagrams 
previously mentioned. From this they could readily be transferred by 
tracing to an exactly similar outline of the face without the mask. 


Part II. RESULTS OF NERVE SECTION. 


In this part we shall limit ourselves to a description of the results 
which we have observed to follow the section of the seven cutaneous 
nerves which were divided. 


Section 1. Sensory. 

In the consideration of the effects of the loss of sensibility naturally 
the first question which presents itself is, to what extent does the 
subject notice the loss, and how much does he miss the capacities of 
which he has been deprived? In answer to this we may say at once 
that one of the most surprising experiences we have met has been how 
extremely unobtrusive to the subject areas of anesthesia may be, even 
when quite large. 280 square centimetres of anwsthesia on the inner 
side of the leg, including the ankle, produced in the subject under 
ordinary conditions no special consciousness of their presence, the 
rubbing of the clothing, and even of the boot, passed unnoticed from the 
first. At rest it was impossible for the subject to know by any feeling 
he experienced at the time that the sensibility of the leg was not 


absolutely normal. A similar immunity from anything approaching 


a consciousness of the defect was experienced with the 188 square 
centimetres on the ulnar side of the forearm. It was different however 
with the anzsthesia of the external ear produced by section of the 
great auricular. Slight accidental contacts with the coat collar gave 
rise to much discomfort, and this did not diminish with custom. The 
discomfort lay in the feeling of a dead appendage attached to the living 


‘body, and was not unlike that accompanying the production of local 
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anesthesia by infiltration, when one seems to possess a block of 
inanimate material set in the midst of the living flesh. It is interesting, 
however, to note that the anmsthesia of the cheek never produced the 
slightest embarrassment during the act of shaving. | 

Touch. Qualitative Examination. Investigation of any given affected 
area was always begun by the use of the method of stroking touches. 
The external line obtained in this way is that of the limit of any change 


Fig, 2. Tracing of areas of altered sensibility produced by section of all three branches 
of the internal cutaneous nerve of the left forearm. Reduced by g. 
The thick lines show the areas of anwsthesia to the brush. 
. The thick continuous lines enclose the areas of the anterior and posterior branches. 
The thick broken i d heavy shading mark the area of the increase in 
anssthesia which followed section of the middle branch. 
The thin lines show the areas of minimal hypossthesia, i.e. the ‘ stroking outline.’ 
The complete oval outline is the ‘stroking outline’ which followed section of the 
The large addition to the oval on the right of the diagram shows the increase in the 9 
‘ stroking outline which followed section of the anterior branch. > 
The thin broken line and fine shading show the additions to the ‘ stroking outline’ ee 
produced by division of the middle branch. a: 


wn 


— 
ty 
- 
Pye 
* 
— 
a 
4 
> 
~ 
— * 
— 
* 
* 7 
‘ 
> 
ff 
A 
— 
* 
‘ 
| AWE STHESIA TO 
— 
a 
I 
> 
Sram 
* 
‘ 
| 
2 
» 
4 
See 
* 
* 


INNERVATION OF THE SKIN. 155 


of sensation which can be detected by the patient. It is always much 
larger than the anesthesia to the brush, and than the area of 
distribution usually recognised as normal for the given nerve. The 
form of the outline corresponds roughly with that of the much smaller 
area of anesthesia it contains. It shows no abrupt irregularities, but 
this peculiarity may be dependent on the way in which it is obtained, 
which does not lend itself to the direction of minutie of outline (Fig. 2). 
The nature of the change occurring at this boundary was for a long time 
a source of much difficulty to us. The change is not always the same, 
but usually it is from normal skin to one of two sensations which are 
somewhat difficult to define. The commoner of these is best described 
as feeling as if the skin had become smoother as the line was crossed ; 
the other feels like a very faint soreness of the skin within the boundary. 
This sensation we have come to describe as “sharpness,” and we have 
both found that the word expresses it very happily. The former of 
these changes is probably to be connected with another which is very 
characteristic, namely a considerable reduction in the ease with which 
the sensation of “tickle” can be elicited. Not only however is the 
change at the boundary line not everywhere the same, but the contained 
area always displays a marked want of homogeneity. In the central 
part is the area of anzsthesia to the brush, giving when tested by the 
stroking method, a marked sense of numbness. The area, conveniently 
called the marginal zone, contained between the stroking outline and 
the brush outline, is itself not homogeneous to the stroking method, 
but can usually be divided up into areas of varying degrees of smooth- 
ness, sharpness or numbness. The outline of anssthesia to the brush 
is usually fairly abruptly marked to stroking touches, but it is not at all 
infrequent for considerable extension of numbness to be found in the 
marginal zone; that is to say, regions which are sensitive to the brush 
may feel to the subject distinctly numb. Investigation of the marginal 
zone by quantitative methods shows a distinct hypossthesia in the parts 
near to the brush line; but the parts near the external line are much 
less definitely abnormal. We have not been able to establish very 
definite relations between the qualities elicited by stroking touch and 
grades of hyposthesia determined quantitatively, but we are able to say 
that, as might be expected, the less normal an area feels to the subject 
the more hyposthetie will it prove to be, and that areas in which any 
degree of numbness is felt are always decidedly hypowsthetic. — 
Quantitative Examination. Satisfactory quantitative examination 
of sensibility to touch depends on the recognition of the fact long known 
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that this form of sensibility is distributed in small spots, and of the fact 
proved by von Frey that these spots are localised in the hair bulbs. 
We have thus a ready means of showing that a given touch spot has 
been stimulated, for when pressure is made upon a hair bulb the 
corresponding hair moves. It is thus possible to examine sensibility to 
touch in the hairy parts with great precision and to determine exactly 
the threshold stimulus for each touch spot. In a part however, where 
the hairs are very fine and therefore mostly invisible even with the use 
of a lens, the whole surface must be stimulated with each hair and 
nowhere can the observer be sure whether an absence of response is due 
to a touch spot not having been stimulated or to the stimulus having 
fallen below the threshold of the spot. The consequence is that the results 
in such regions are much more vague and less reliable than the results 
on hairy parts. For example, on the thigh where every hair can be 
distinctly seen and therefore all the touch spots readily localised, the 
different grades of loss of sensibility appear to be much more sharply 
marked off from one another than on the front of the forearm, where 
the hairs are practically invisible. As might be expected, moreover, in 
the latter region in spite of the great fineness of the skin normal 
sensibility to touch seems to be distinctly less acute than in the former 
region. We may here add that quantitative results may be obtained 
on the hairless parts without the use of the enormously laborious method 
of determining the threshold of every place on the surface. We have 
found that a very satisfactory measure of the sensibility of such a part 
may be obtained by finding out which of the von Frey hairs elicits a 
certain number of responses in a known area. The method we now use 
in estimating hypossthesia on the front of the forearm is to mark out 
the area in square centimetres and to find out which is the lowest of the 
von Frey hairs which elicits ten or a dozen responses in each square. 
The tactile sensory changes produced in an area of skin by dividing 
the corresponding cutaneous nerve may in the most general way be 
described as a hyposthesia, extremely slight at the periphery and 
gradually deepening, as the centre of the affected area is approached, 
into tactile anesthesia. The transition however from minimal hypo- 
esthesia to anesthesia is not equally distributed over the part, but is 
concentrated in certain zones and gradual in others. This characteristic 
cannot be demonstrated by the use of the minimal pressure methods 
such as cotton wool. When examined with adequate minuteness the 
series of changes from periphery to centre in such an area can be 
numerically expressed. The external boundary of hypossthesia, corre- 
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sponding with the stroking touch outline, is the most difficult of all the 
transitions to express exactly and cannot be detected except with the 
very lightest of the von Frey hairs; even with these it may be that 
the only difference is that touches inside the line are felt as less distinct 
than touches outside’. In examining the more hypomsthetic zones the 
observer is liable to make mistakes if it is not clearly understood that 
contact with the heavier von Frey hairs may be answered to by the 
subject without his having felt any true sensation of touch. It is clearly 
therefore of great importance in testing defects of sensibility to touch, 
that the subject should be able to specify precisely what sensation he is 
answering to, so that the fact that he can recognise that he is being 
stimulated shall not be accepted as proof as to the nature of the 
sensation he experiences. Now when he is touched by one of the 
heavier von Frey hairs, careful introspection will enable the subject to 
detect the fact that he may experience three sensations which are 
perfectly distinct, namely pain, touch and pressure“. The confusions 
that may arise with the first of these we shall deal with later, but we 
must first enter at some length into the discussion of the relation to one 
another of the last two. 

According to current views touch sensations are produced by con- 
tacts too light to produce sensations of pressure and are due to 
stimulation of nerve endings in the skin as distinet from those in the 
deeper parts, so that if the surface be stimulated with increasing 
pressures those of the latter which compress the skin only, will give rise 
to sensations of touch, while those which compress the subcutaneous 
tissues also will give rise to sensations of pressure, the stimuli forming 
a continuous series throughout and not differing from one another 
in anything but degree. It naturally follows from this conception that 
the only method of testing sensibility to touch, that is to say, of testing 
the sensibility of the skin to compression, is to use a stimulus so light 
that its effects shall not be transmitted to the subcutaneous tissues, 
hence we have the minimal pressure methods in the best known of which 
cotton wool is employed as the stimulus. We have come to regard 
these views as being inconsistent with the facts and the cause of much 
confusion. When the area of tactile hypomsthesia is being investigated 
with von Frey hairs the subject cannot fail to notice the broad fact that 
he experiences two sensations which are remarkably distinct from one 


1 For the facts of observation upon which this conclusion is based see Appendix I. 
2 To avoid confusion we omit here from the text mention of the fact that stimulation 
with a von Frey hair occasionally produces a distinct sensation of cold. 
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another and have very definite characteristics. One of these, which we 
shall call true touch, has the special qualities that while it may be 
accompanied by pain it never feels heavy, that it gives the impression 
of being in essence superficial and is most satisfactorily described as 
being like a minute pat on the surface. A further important character- 
istic of it is that when produced with a von Frey hair it is felt to be a 
contact with a small well-defined surface and to be accurately localisable. 
As was shown by von Frey this sensation of true touch is produced at 
the moment when the contact is made and at the moment when the 
contact is interrupted, but not during the interval between these if the 
stimulating object is kept still: hence the sensation may well be called 
“moving contact.” The second sensation which the subject learns to 
distinguish, which we shall call that of true pressure or “static contact,” 
is characteristically vague in the information it gives as to the situation 
and extent of the place touched and invariably possesses a quality of 
pronounced heaviness; this heaviness increases with the duration of the 
stimulus without any increase in the force of the stimulus, and tends to 
persist so that a few contacts may make the subject feel sure that a 
large part of the limb is being exposed to some formidable pressure. 
The contrast then of the two sensations is very striking. Touch is light, 
well localised, distinctly related to the form of the stimulating object 
and limited in time to the moment of stimulation. Pressure is heavy, 
vague, gives little or no information as to the form of the stimulating 
object and is not closely related to the duration of the stimulus. Some 
experience in the investigation of hyposthesia enables one to add 
certain important characteristics to those already enumerated ; of these 
the most striking is that while modifications in the stimulus may 
produce variations in the intensity of pressure sensations no such 
continuous series of intensities can be produced with touch. Short 
of the fully-developed superficial pat which is a touch, the only 
sensation the subject can get is a vague tickling or creeping and this as 
a rule only in parts where there are hairs projecting above the surface. 
Thus we may say that with true touch if the stimulus fails to produce a 
perfectly distinct, fully-developed sensation it is not felt at all. The 
only way, therefore, in which a true tactile hypossthesia manifests itself 
is in the fact that a stimulus stronger than normal is necessary to pro- 
duce a sensation, for when the sensation is produced it is indistinguish- 
able from a normal touch. For example, on a hypowsthetic area it 
may be that no sense of touch is elicited with a bristle of less than 
3000 milligrammes pressure, yet if it is elicited, it is identical with the 
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light pat which a hair of 70 milligrammes produces on a normal touch 
spot. All these facts have led us to the conclusion that a fundamental 
distinction must be made between the two forms of sensation we have 
been defining and that they cannot be regarded as forming a continuous 
series with the sole distinction of degree in the force of the stimulus. 

Until we had formulated this conception we found the investigation 
of hyposssthesia to touch difficult and confusing. It was very soon 
clear that the theoretical objections to the use of a constant pressure 
stimulus (such as cotton wool) as a standard for the determination of 
tactile anesthesia were very great. It could be urged that the line 
given by cotton wool as the limit of tactile anesthesia was an arbitrary 
one, for there was no collateral evidence to show that because an area 
did not respond to cotton wool it was therefore totally incapable of 
yielding sensations of touch to a stronger stimulus. But as long as 
touch and pressure were regarded as forming a continuous series the use 
of a stronger stimulus than cotton wool was always open to the objection 
that responses obtained were due to deep sensibility. It was thus plain 
that even if zones of tactile hypowsthesia existed they could not on 
these assumptions be demonstrated, because it could never be known at 
what point the sensations experienced were due to stimulation of 
structures deeper than the skin. Whereas when it is recognised that an 
absolute distinction between touch and pressure can be established from 
the qualities of the sensations, the investigation of tactile hypomsthesia 
becomes not only possible but easy. As defined by us, then, a region of 
tactile hypossthesia is one in which touch sensations can be elicited 
only by the use of stimuli above the threshold normal for the part, and 
regions of tactile anesthesia are such as do not yield the characteristic 
touch sensation to any stimulus however strong. Finally we may repeat 
that the touch sensation produced by stimulation of a hypomsthetic area 
with a very heavy hair is in all respects identical with the touch 
sensation produced by stimulation of normal skin with its threshold 
hair. 

We may now return to some consideration of the precautions which 
have to be taken in the investigation of regions where tactile hypo- 
zesthesia is at all marked. Such investigations of course can be carried 
out only with the von Frey wsthesiometer. Now any given stimulus 
may produce a sensation of touch, of pressure or of pain. As the centre 
of the area under examination is approached and in consequence of 
deepening hypomsthesia heavier hairs have to be used to elicit a 
sensation of touch, it will be found that a region is reached where touch 
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is no longer felt, Nevertheless the subject may continue to be clearly 
conscious of each contact, and unless he is alive to the distinction of 
touch from pressure he may go on responding and 80 mislead the 
investigator. To those who accept the current views as to the nature 
of touch it will seem at least remarkable that we think it necessary to 
discuss the distinction between touch and pain, nevertheless in defining 
the innermost limit of the region in which true touch can be elicited it 
may be necessary to use hairs so heavy that they produce considerable 
pain. Touch occurring alone is of course easily distinguishable from 
pain occurring alone, but when a stimulus gives rise to these two 
sensations together difficulties may readily occur. The touch sensation 
is momentary, elusive and follows closely on the stimulus: pain develops 
more slowly and is a sensation altogether more conspicuous, so that it 
easily overwhelms in consciousness the evanescent touch which precedes 
it. It is therefore necessary for the subject when von Frey hairs which 
cause much pain are being used, to be very alert in the detection of a 
touch element at the beginning of each sensation experienced. 

We may now attempt to give in a general way certain numerical 
values of the various grades of hypowsthesia found between the outlines of 
change to stroking touch and the region of total tactile anesthesia. The 
change at the former line as already stated cannot be expressed precisely. 
On a hairy part, such as the thigh or leg, it is as a rule not to be detected 
with a von Frey hair of 70 milligrammes pressure, that is to say the bair 
bulbs inside and outside the line respond equally well to this stimulus. 
For a variable distance within the stroking touch line there is practically 
no increase in hypomsthesia; this region we call the zone of minimal 
hyposthesia, and it may be an inch or two in width. The defect in 
sensibility is so slight that it cannot be detected with cotton wool, even 
as a so-called relative anwsthesia. Like normal skin ninety per cent. of its 


hairs respond to 70 milligrammes and the remainder to 140 or 280 milli- _ 


grammes (see Appendix I). Internally to this zone a rapid increase of 
hypowsthesia occurs; each line of hair bulbs will need a stimulus of 
considerably heavier pressure than the preceding until the region is 
reached where no stimulus, however heavy, produces a sensation of 
touch. In general it may be said that when touch is not elicited by a 
bristle of three and a half grammes pressure no further increase in the 
stimulus will produce it. The line bounding the area usually described 
as that of tactile anesthesia, the area that is to say which is insensitive 
to cotton wool or the brush and is distinctly numb to stroking touch, 
falls in that region where the increase of hyposesthesia is most concen- 
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trated. It may be said roughly to be somewhere in a zone, not usually 
more than half an inch wide, where the change is so rapid that while 
the outer part may respond to 280 or less, the inner may scarcely 
respond to 800 milligrammes pressure. The various grades of bypo- 
eesthesia may be conveniently classified into three groups according to 
the pressures which are necessary to elicit a sensation of touch. The 
first grade, which we call minimal hypomsthesia, is scarcely distinguish- ~. 
able from normal sensibility. It will respond to hairs of pressures 
varying between 70 and 400 milligrammes according to the natural 
sensitiveness of the part, so that for example, if the threshold hair of the 
part has a pressure of 70 as in the thigh, areas of minimal hypozsthesia 
will respond to this hair equally well and the difference between the 
normal and the minimal byposthesia can only be detected by 
using hairs below the threshold. The second grade we call that of 
transitional hypomsthesia; such a zone will respond to hairs of pressures 
between 500 and 1200 milligrammes. The third grade, that of maximal 
hypogsthesia, responds to pressures between 1700 and 4000 milli- 
grammes. Corresponding with these grades of hypowsthesia the groups 
of hairs to which they respond may be referred to as light, medium and 
heavy respectively. The figures given above are to be regarded as 
approximations of no very precise accuracy and the groups as not being 
capable of abrupt delimitation. They are, however, undoubtedly 
objective realities and are, in our experience, invariably to be detected 
after section of a nerve (Fig. 3, see Plate I). The area of minimal 
hypossthesia seems to be more definitely than the others a stage rather 
than a region of transition. It will be noticed that in giving these 
numerical values we have departed from the usage of von Frey in 
not graduating the various von Frey hairs according to the pressure 
exerted upon unit area (square millimetre). There is reason to suppose 
that such a method is very misleading, while it possesses no advantage 
over that in which the value of the hair as stimulus is reckoned as 
the weight necessary to bend it’. 

Weber's test. We have found no specific loss of the capacity to 
discriminate two points, that is to say that whenever the compass can 
be felt, some power of appreciating the distinctness of the two contacts 
remains. In the larger areas of anesthesia there has always been a 


1 We are not alone in objecting to the method of von Frey of describing the stimuli 
yielded by the various hairs of his msthesiometer. See for example Nagel, Arch, f. d. 
ges. Physiol. ux, 8. 595. 1895. Quoted by Sherrington, Schdfer’s Physiology, u. 
p. 985. 
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central region where even firm pressure could not be felt, naturally 
therefore discrimination of two points was impossible. Outside the 
area of anesthesia to the brush discrimination is normal, between this 
and the central area, that is in the intermediate region of Head, we 
have found a definite reduction of the discriminatory capacity but by no 
means an abolition of it, so that an increase in the separation of the 
points of comparatively small amount was adequate to yield results 
which showed a distinct degree of sensitiveness to the stimulus. For 
example, in the case of the middle cutaneous of the thigh the normal 
surrounding skin responded fairly accurately to a separation of 25 mm. 


Fig. 4. Middle cutaneous. Left thigh. External branch. This and Figs. 5 to 10 
inclusive are reduced by 4rd linear. 


26 days after section. Tracing of results of examination with von Frey. hairs. 
Touch spots marked o reacted to hair of pressure 280 milligrammes. 
O ” ” 800 ” 
The ” + ” ” 2280 II 
continuous line marks the limit within i 
co. which there was anesthesia to the 
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while in the intermediate zone the results with the same separation 
were very poor: with the points 50 mm. apart however, the intermediate 
zone yielded results nearly as good as those of the normal skin with 
25 mm. Detailed examination showed that there was a gradual 
diminution of sensitiveness from the brush line towards the total 
anesthesia. 

To obtain these results a moderately firm pressure with the compass 
points is necessary for it is obvious that it is only occasionally that the 
points can light precisely upon two touch spots at the same time, and if 
the pressure is light enough only to excite such spots the points will not 
be discriminated. It is probable therefore that Weber's test depends 
upon the sensibility of the deeper layers of the skin and underlying 
parts. This is confirmed by the results of investigations we have made 
on the capacity to discriminate two simultaneous light touches. For 
this purpose we made a series of double von Frey hairs at distances from 
one another varying from 20 to 25 mm. With hairs of the lighter 
pressures although well above the touch threshold very little dis- 
crimination wa’ possible, but with hairs of medium pressure, 500 mgrs. 
and upwards, discrimination was possible in some situations but not in 
others on normal skin. It seemed that thinness of the skin was of 
greater importance in relation to this sensibility than was tactile acuity. 
For example though tactile acuity on the front of the thigh is in 
general better than it is on the front of the forearm, discrimination in 
the latter place is much more accurate than in the former where the 
skin is of distinctly greater thickness. 

We have found no evidence that sensibility to heavy pressure and to 
vibration is in any way affected by losses of sensibility confined to the 
skin. 

Temperature. In investigating altered thermal sensibility we have 
found that there is a region of absolute anssthesia and a region of 
partial anesthesia. Experience has shown us that the most satisfactory 
method of finding these is the use of a temperature of 0° C. as a stimulus. 
Examination of the area with this will reveal an inner region within 
which the stimulus elicits either no sensation of temperature or what 
we have called hallucinatory warmth only; outside this thermo- 
antesthetie area there is a zone within which the stimulus yields 
sensations of temperature which are quite distinctly recognisable, but do 
not possess the normal intensity,—the temperature of 0° C. being felt as 
cool, This thermo-hypoesthetic zone varies in width considerably, but 
has certain fairly constant features of distribution. The outer limit lies 
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for the most part outside the line of anesthesia to the brush and in the 
region where sensibility to touch is normal to any but the finest tests. 
The inner limit, that is to say the outer limit of thermo-anesthesia, 
lies well within the brush line and just within the limit of complete 


tactile anesthesia (Figs. 5 and 6). Within the thermo-hypoesthetic . 
zone the thermal sensibility of the part has the characters which, as we is 
have already pointed out, are what might be expected in such an area, = 
that is to say temperatures near that of the skin are less clearly 2 
appreciated than in the normal. The appreciation of such temperatures £ 
naturally varies somewhat with the temperature of the skin at the time 2 
—. 
4 4 
* 
4 
m 3 
at 
| 
Fig. 5. Middle cutaneous. Left thigh. External branch. 1 
3 Tracing of the results of examination with temperature g 
On spots marked e stimulus was felt as cold. ee 
„ O ” ” cool. 
The blank area is that of thermal anssthesia. o> ie 
The continuous outline marks the limit within which there was anesthesia to the ms 
camel’s hair brush. | 3 
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of testing, but on the whole we may say that the range of temperatures 
which cannot be felt is about fifteen to twenty degrees centigrade, and 
lies in that part of the thermometric scale which contains what have 
been called by Head “intermediate temperatures” (22° C. to 40 C.). 
The second character of the thermo-hypoesthetic zone is that, as has 
been pointed out by Head, it is sensitive to temperatures higher and 
lower than these intermediate temperatures. A third characteristic 
however of this form of sensibility is that while extreme temperatures 
arouse sensations, these sensations are of a distinctly reduced intensity. 

The outer limit of thermo-hypowsthesia can be outlined with a high 
temperature (50°C.) as well as with ice, and the two boundaries 
correspond closely, allowance being made of course for the fact that cold 
spots and heat spots on the normal skin are grouped separately, When 


Fig. 6. Middle cutaneous. Left thigh. External branch. 
80 days after section. 
of 50° C. 
Spots marked are those which yielded a distinct sensation of heat. 
The continuous line marks the limit within which there was anesthesia to the 
camel’s hair brush. 
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cold is used the outline marked is the line at which, working inwards 
from the normal skin, true cold ceases to be felt and a sensation of cool 
only is elicited. Similarly when 50°C. is used the line marked is where 
true heat ceases to be felt and is replaced by warmth. 

As we have shown in discussing methods, heat cannot be used 
satisfactorily to determine the inner limit of thermo-hypomsthesia. 
This is due in part to the close resemblance of the lesser sensations of 
warmth to sensations in which no element of temperature can be 
detected. It is very surprising how great may be the perplexity of the 
subject in deciding whether a given sensation contains warmth or no 
element of temperature at all. A series of sensations which at one time 
he will confidently label as having warmth, at another time he will 
equally confidently describe as indifferent, and this in spite of recog- 
nising the substantial identity of the two series (see Appendix II, 
Table I). This may result in a gradual deflection from the standard in 
one direction until for example the subject is led to answer “warm” to 


stimuli applied well within the thermo-anesthetic area, or he may be 


reduced to a state of complete confusion in which he feels all responses 
are worthless. These difficulties apply to the borderland where thermo- 
hypowsthesia is passing into thermo-anesthesia and all the sensations 
are minimal. There is, however, a further and stronger objection 
which we feel to be so important that although we have referred to it 
already in, the Introduction, we must make some mention of it here 
again, It consists in the appearance of what we have called hallucina- 
tory warmth: this is not usually a vague sensation such as the minimal 
ones we have been referring to above but contains a distinct glow of 
what appears to be unmistakable warmth, although it never has, we 
may add, the brightness of true heat. Such hallucinations may be 
elicited from spots in the middle of areas undoubtedly thermo-anzsthetic. 
The clearness of the warmth experienced is independent of the 
temperature of the stimulating object, which may equally well be 
ice-cold, at the temperature of the skin, or at 50°C. Moreover the 
response of warmth is not constant and is frequently exchanged for 
indifference but never for anything else. (See Appendix II.) 

Discrimination tests in the hypossthetic area do not yield further 
information about the nature of the change of sensibility. They 
confirm the observations that there is a considerable increase in the 
normal anesthesia to temperatures near that of the skin and that this 
ausesthesia to intermediate temperatures is not sharply marked off by 
the temperatires to which it will or will not react. 
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Pain. The problems presented by the alterations in sensibility to 
pain we have found to be the most difficult which are encountered 
during the investigation of the results of the section of a nerve. The 
sensation concerned is in itself disconcerting and likely to interfere with 
the critical coolness which is so essential to accurate observation. 
Moreover the abnormal sensations of pain which may be elicited in an 
area of altered sensibility have to a great extent the quality of 
strangeness which proves a still further disturbing factor. In con- 
sequence of these and other difficulties which need not be enumerated 
here, we have found it very difficult to collect a consistent series of facts 
such as would justify general statements. Nerve after nerve had passed 
beyond the stage when we could be sure that none of the changes of 
regeneration had begun, before we had formulated precisely those points 
to which it is necessary to give attention and worked out a scheme for 
examination which would allow us to make the essential observations 
while maintaining that economy in the actual amount of examination 
which is indispensable if results worthy of reliance are to be obtained. 
In summarising the facts we have observed, we shall therefore follow 
to some extent the various aspects under which the problem presented 
itself to us at different periods. 

We came to the problem in the full expectation of finding a central 
area of analgesia separated from the surrounding region of normal 
sensibility by a zone of hyperalgesia and this in fact is what in a general 
way we found. We could not however fail to be struck with the 
anomalous character of the production of an increased sensibility by 
what appeared to be a purely destructive lesion. It occurred to us that 
this hyperalgesia might be due to irregularities in the stimulus brought 
about by the fact, which is undoubtedly true, that the pain spots 
become fewer as the analgesia is approached. It was at any rate 
essential before we could accept the occurrence of a true hyperalgesia, 
that we should secure a means of applying constant or graduated 
stimuli, For this purpose we invented the algometer already described. 
Investigation of the affected area with this instrument did undoubtedly 
show that we had been accepting an exaggerated estimate of the extent 
of the increased sensibility to pain: certain spots which with the free- 
hand use of the needle had yielded abnormally unpleasant sensations of 
pain, now proved to be imexcitable by a stimulus fully capable of 
producing a distinct prick on many spots in normal skin. Still 
however, the fact remained beyond question that there were regions in 
which a pressure of the needle capable of barely eliciting a prick upon 
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the normal skin did produce an extremely painful sensation. The 
algometer therefore had shown us that there was a real hyperalgesia, 
but it had also shown that this hyperalgesia did not occupy a zone 
uniformly distributed around the analgesia but was arranged in patches 
which might, it is true, occur in the area described by Head as the 
intermediate zone, but might equally well ocour beyond this or in the 
midst of the analgesia. 

The next feature of importance which we noticed in relation to this 
hyperalgesia was that it differed from the other consequences of nerve 
section in not following immediately upon the operation. We found 
that the affected area was unduly sensitive for the first 24 or 48 hours 
and that then this sensitiveness disappeared. There was then a period 
of a week or more during which no abnormal sensitiveness was present. 
Between the tenth and twelfth days however, and as a rule rather 
suddenly, a very distinct hyperalgesia became evident. The most 
striking characteristic about this was its extent. It always lay in part 
outside the area of anzesthesia to the brush, extended usually up to the 
wound but never above it, and might often crop up in patches in the 
midst of regions which were otherwise profoundly analgesic. 

Before tracing the further history of this last-mentioned h 
it is necessary to discuss the question of the origin of that which follows 
immediately upon the operation and clears up in a couple of days. It 
does not seem to us that this primary hyperalgesia is always of the same 
kind or due to the same cause. The experience that we have had has led 
us to regard as important three possible sources of pain and hypersensitive- 
ness, These are, first the irritating effect of the nerve suture; secondly 
the bruising and local disturbance due to the infiltration and the 
dissection, and thirdly the possible occurrence of minor degrees of 
phlebitis as a result of the local injury and the slightly irritant character 
of the injection. The mode of action of the first-mentioned factor is 
shown in the following experience of one of us after the section of the 
middle cutaneous nerve of the thigh. He was walking home some 
hours after the operation when the effects of the local anesthetic had 
completely passed off; the movement naturally produced traction on the 
nerve suture and consequent pain in the region of the external condyle. 

He got however the distinctest possible impression that the discomfort 
was due to extreme hypersensitiveness of the skin in this region and to 
the rubbing against it of the leg of the trousers and he was surprised to 


find that the most careful protection of the supposedly hyperalgesic 
region gave no relief whatever. 
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In relation to the second and third possibilities mentioned above, 
certain facts of some significance may be enumerated. The injection 
of adrenalin into normal skin produces a certain degree of soreness 
which persists for two or three days; this soreness however is distributed 
concentrically about the puncture through which the injection has been 
made,and it cannot therefore explain entirely the occurrence of primary 
hyperalgesia. Possibly however when the upper limit of diminished 
sensibility is close to the point of nerve section, as it was after all our 
operations on the forearm, some of the primary hyperalgesia may fairly 
be ascribed to the local injury. 

A slight grade of phlebitis seems to us undoubtedly in some cases to 
have been the cause of the early hyperalgesia. These cases were those 
where a large vein ran close to the nerve which was divided; in them 
the tenderness and the attacks of spontaneous pain were associated with 
veins in the upper half or thereabouts of the area affected by the nerve 
section and at times we thought we could make out that ~~ veins con- 
cerned were slightly indurated. 


About the eleventh day after the operation the subject notices that 


the affected area of skin has begun to attract his attention once more 
through an unpleasant quality in the sensations produced by accidental 
touches. This increase of sensitiveness is quite distinct when the part 
is rubbed with the finger and tends to form a broad band surrounding 
the analgesic part and roughly corresponding with what we have called 
the zone of transitional tactile hypomsthesia. Exact algometric 
observations now show that there is a definite reappearance of hyper- 
algesia, the sensations produced by pin-pricks being rather diffuse about 
the spot stimulated and having a character closely similar to that of the 
pain produced when a bruise is pinched. Even at this period the 
hyperalgesia is not uniformly distributed. In general it may be said 
for the most part to lie outside the line of anesthesia to the brush, to 
extend for a less distance inside the line and to appear in detached 
islets in the midst of the analgesia. It does not however in our 
experience form a complete zone comparable with the zone of transi- 
tional hypowsthesia, but may be altogether absent for considerable tracts 
which then merely show hypoalgesia gradually increasing from the 
periphery to the centre. It was this irregularity and intermingling of 
the arrangements of hypoalgesia and hyperalgesia which rendered the 
problem so confusing and prevented us from arriving at what we now 
consider to be a satisfactory generalisation of the facts until we had 
divided several nerves. The most valuable clue to the significance of 
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this was obtained from the observation that the hyperalgesia tended 
to be distributed in the neighbourhood of subcutaneous veins and 
especially of such veins as came exceptionally close to the surface. 
Each patch of hyperalgesia was associated with a particularly obvious 
vein and generally the skin over the vein itself was the most sensitive 
part of the patch. A pin-prick here would produce a severe burning 


8 


Fig. 7. Middle cutaneous, Left thigh. External branch. 

34 days after section. Tracing to show a stage during subsidence of the hyper- 
algesia which follows nerve section. 

The spots marked x were those of maximum sensitiveness to pin-pricks. 

The dotted lines enclose the areas which were abnormally sensitive to pin-pricks. 

The broken lines show the course of superficial veins. 

Outside the dotted lines there was no hyperalgesia anywhere. 

The continuous line marks the limit within which there was anssthesia to the 
camel’s hair brush. 

The diagram shows an advanced stage in the subsidence of hyperalgesia, and 
brings out the facts that this hyperalgesia may occur outside the camel’s hair line 
and that it tends to persist longest in the neighbourhood of the veins. Apart from 
the areas enclosed by the dotted lines a hypoalgesia deepening towards the centre of 

the area of anmsthesia to the camel’s hair brush was present. 
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pain which tended to persist for some time and to reappear spon- 
taneously from time to time afterwards. When the vein was exception, 
ally sensitive, a touch over it with a light ca.mel’s hair brush would often 
be enough to precipitate an outburst of pain. 

During the next week or two the hyperalgesic areas tend rapidly to 
diminish in extent and finally to disappear, maintaining however to the 
end the association with superficial veins (Fig. 7). At the end of six 
weeks scarcely any hyperalgesia can be detected, while at the end of 
two months it has completely disappeared and we then have a central 
area of analgesia surrounded by a gradual hypoalgesia, so that at this 
stage the defect of sensibility to pain is precisely similar in character 
and distribution to the defects in sensibility to cold, to heat and to touch 
(Fig. 8). When it is understood, as we shall show later, that regenera- 
tion may begin by the- tenth week and always bring with it a definite 


Fig. 8. Middle cutaneous. Left thigh. External branch. 
23 days after section. Tracing of results of examination with algometer. ae 
Spots marked e reacted to pressure of 1860 milligrammes (normal threshold). 

O 2280 ” 
The continuous line marks the area within which there was anesthesia to the 
camel’s hair brush. 
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hyperalgesia, while this form of patchy hyperalgesia which we have just 
described may barely have disappeared by the eighth week, it will 
be comprehensible how easy it is for the fact to be overlooked, that 
there is a period following the section of a nerve when the defect 
of sensibility to pain forms no exception to the rule that the changes 
consequent upon depriving a piece of skin of its nerve supply are 
distributed in a central area of absolute loss surrounded by a zone of 
partial loss which is slight towards the periphery and deepens towards 
the centre. : 


Section 2. Motor. 


Thus far we have been concerned solely with the effects of section 
of the afferent fibres in a cutaneous nerve; we must now deal with the 
effects of section of the efferent fibres. Such effects are extremely 
unobtrusive and this is probably the reason why they have attracted so 
little attention in man; on the other hand however they have this 
great advantage over the results of division of the afferent fibres in that 
they are susceptible of purely objective observation. It will serve to 
emphasise the inconspicuousness of such paralytic phenomena as are 
produced, when we say that our attention was not attracted t@ them in 
the areas of change following the earlier operations, except in one or two 


instances the full significance of which we did not at the time realise. — 


When however we began deliberately to investigate these phenomena 
we found them most precise and easily observable. 

So far as our experience goes, all cutaneous nerves contain efferent 
fibres of three kinds, vaso-motor, pilo-motor, sudo-motor ; section of such 
a nerve is always followed by definite paralytic phenomena affecting 
these three functions. . 

Vaso-motor. A localised area of vaso-motor paralysis confined to the 
skin produces changes which are even at their maximum very incon- 
spicuous, while their duration is so short that within a few weeks of the 
operation only the slightest changes may be observable even when 
special methods of examination are used. It may be stated with con- 
fidence that of all the changes produced by the section of a cutaneous 
nerve, the modifications of vaso-motor activity are the first to disappear. 


The effects of a vaso-motor paralysis of the skin are shown in three 


different ways. First, an alteration in the colour of the part ; secondly, 
alterations in the temperature of the part; thirdly, variations in the 


reactions to stimulation of the circulatory conditions of the part, All 
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these changes are relatively minute and as might be expected may very 
easily be masked or overwhelmed by gross normal circulatory modifica- 
tions in the whole limb. Under favourable circumstances however they 
are very definite. 

Within a few hours of the operation the region of distribution of the 
nerve is found to be redder than the surrounding parts. This redness 
while not very pronounced is quite distinct and the area can be easily 
marked out. It is found to correspond very closely with that of 
anesthesia to the brush. The redness is distinctly dusky and may in 
places be slightly mottled with a paler colour. These observations as to 
colour apply however only to the limbs. In the case of section of 
the great auricular the vaso-motor changes were noticeable only in the 
ear. This became of a bright red colour and showed no tendency to the 
duskiness which was observed elsewhere. The congestion of the part 
gradually becomes less noticeable and can scarcely be detected by about 
three weeks after the operation. The ear however differed from the 
rule also in this respect, for no abnormal redness was observable in it 
after a week. 

Vaso-motor paralysis is also shown by the fact that the temperature 
of the part is less independent than normally on surrounding conditions. 
During the first two or three weeks if the area is exposed after having 
been covered up for some time it is found to be obviously warmer than 
the surrounding skin. After prolonged exposure however, or after the 
application of cold to the limb as a whole, the affected part is distinctly 
cooler than the surrounding skin. The latter peculiarity seems to 
persist longer than the evidences of congestion, though these after they 
have ceased to be observable under ordinary conditions may be rendered 
obvious by cooling the surface. We have found the increased depen- 
dence of the temperature of the affected skin upon surrounding 
conditions to be the most convenient test of the persistence of vaso- 
motor weakness. 

When normal skin is irritated by scratching, certain changes in 
colour appear within a few seconds of the cessation of the stimulus; 
first along the line of the actual scratch there comes out a streak of 
redness and around this develops more slowly a distinct margin of 
whiteness from 5 to 15 millimetres in width. The skin in which 
the vaso-motor mechanism is paralysed shows a characteristic modifi- 
cation of this reaction. The streak of redness develops sooner, is 
narrower and of a brighter colour, whereas the surrounding whiteness is 
much less distinct and tends to be patchy, the whole condition suggesting - 
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that the effects are produced directly upon the vessels without the 
modifying action of the normal nervous mechanism. ese changes are 
the most evanescent of all the vaso-motor changes which are observed 
to follow the section of a cutaneous nerve. We have not observed them 
to persist for more than three weeks after the operation. 

With regard to the relation of the size of the area of vaso-motor 
change to that of the areas of altered sensibility, it may be stated that 
the former tends to correspond with the latter in a general way, and 
with the outline of the hypomsthesias rather than with that of the 
anwsthesias; for example, the congestion seen soon after the section 
is as large if not larger than the area insensitive to the brush. . 

Pilo- motor. It has often been noticed that after division of a 
cutaneous nerve the hairs in the ansesthetic region have lost their 
regular arrangement and lie at all angles to one another and to the 
surface. This has been attributed, for example by Head and Sherren, 
to what is called trophic disturbance. When however such hairs are care- 
fully examined it is found that they are abnormally susceptible to passive 
movement and have less than the usual elasticity in regaining their 
positions after they have been displaced. At the same time the skin in 
which they are set is seen to be abnormally smooth and totally lacking 
in the slight prominences which mark the hair follicles of normal skin 
even in the absence of anything like an actual condition of goose-skin. 
The surface of such skin moreover can be felt to be unusually uniform. 
These conditions are due to a paralysis of the pilo-motor apparatus 
consequent upon the nerve section, as can very well be seen in a part 
which readily exhibits the condition of goose-skin. As each wave of 
this passes over the part an area in the affected region will be found 
invariably to remain unchanged. This area, unlike that of the vaso- 
motor ‘paralysis, tends to conform with that of the anwsthesia rather 
than with that of the hypowsthesia and to lie therefore within the 
boundary of insensibility to the brush (Fig. 9). As à rule it is 
surrounded by a margin in which goose-skin develops but feebly. 

This paralysis of the pilo-motor mechanism is one of the most 
definite and least questionable of the results of nerve section; it needs 
however to be looked for with some care and the chief difficulty lies in 
the extremely capricious nature of the reflex, and the fact that in certain 
regions it is scarcely to be observed at all. For example, in the face 
and hand pilo-motor paralysis might very well escape notice altogether, 
while in the thigh and arm of a moderately hairy person it is much 
more obvious. To excite the reflex we have found large smooth 
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touches more efficient than cold. For the lower limbs at any rate the 
most satisfactory place to apply the stimulus is over the distribution of 
the posterior primary division of the lower spinal nerves, while for the 
arms local stimulation is remarkably efficient. Water seems to be the 
best medium to make the stimulus with and it does not seem to matter 
much whether it is hot or cold. As is well known the least amount 
of febrile disturbance greatly exaggerates the goose-skin reflex. We 
were fortunate in the fact that-dt the time when our attention was first 


Fig. 9. Middle cutaneous. Left thigh. External branch. 
28 days after section. Pilo-motor paralysis. 
Broken line marks the area within which pilo- motor reflex was absent. 
Continuous line marks the limit within which there was anmsthesia to the 
camel’s hair brush. 


attracted to this subject one of us happened to be suffering from influenza; 
the weather at the time was cold and as soon as the limb was exposed 
a series of waves of very pronounced goose-skin would begin to pass 
over it. 

The researches of Elliot“ and others have shown that adrenalin 
has a specific capacity for exciting locally the pilo- motor mechanism, 
and that when the sympathetic fibres to a part have been cut and 
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allowed to degenerate the action of the drug becomes more pronounced. 
These conclusions we have been able to confirm. If an area which 
includes normal skin and skin showing pilo-motor paralysis be injected 
with a weak solution of adrenalin in normal saline, marked goose-skin 
is produced throughout but is distinctly more pronounced in the 
paralysed area. It is a remarkable fact that in skin in which there 
has been no activity whatever of the pilo-motor mechanism for many 
months the local apparatus remains absolutely intact and capable of 
responding energetically when appropriately stimulated. 

It is not necessary however to have recourse to adrenalin in saber 
to demonstrate the integrity of the normal local pilo-motor mechanism. 
A contraction of the muscles of the hair bulbs can be produced in two 
ways, as a reflex or as the result of direct stimulation. The reflex 
is best induced by light stimulation covering a large area ‘and involves 
considerable parts of the surface at a time. The local reaction can 
be produced by a more energetic stimulus such as scratching or 


\ 


Fig. 10. Middle cutaneous. Left thigh. External branch. 
88 days after section. Sudo-motor paralysis. 
Broken line shows area within which sweating did not occur. 


a Continous tine marks the limit within which there was anesthesia 
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rubbing and is always limited to the part actually stimulated, showing 
no tendency to spread as does the reflexly excited goose-skin. This 
local pilo-motor activity is in no way interfered with by section of 
cutaneous nerves’. 

Sudo- motor. The most convenient method of investigating the 
activity of the function of sweating is the use of the Turkish bath, and 
this we have exclusively employed. We chose it in preference to 
pilocarpine as being more physiological in its action and because of the 
extremely capricious action of the drug when used as a means of 
determining the limits of defective sweating. 

Section of a cutaneous nerve abolishes sweating over a very well- 
defined area. This area corresponds in extent in a general way with 
the anesthesias, and in fact seems to be the least extensive of the 
alterations in function produced by the section (Fig. 10). The area of 
total loss is surrounded by an indefinitely marked zone in which 
sweating while quite evident is less pronounced than normal. 

The central area of total loss roughly corresponds with the area 
of maximal anzsthesia, the area that is to say in which it may be 
supposed that the whole thickness of the skin, with possibly the 
subcutaneous tissue also, has been completely deprived of its nerve 
supply. This correspondence might very well have been expected 
because as is well known the sweat glands lie in the subcutaneous 
tissue and not in the skin itself. Loss of sweating in such an area is 
absolutely complete, the affected skin remaining perfectly dry while 
the whole of the rest of the body is sweating profusely’. 


Part II] PHENOMENA OF RECOVERY. 


Section 1. Sensory. 
Peripheral and other forms of reference. After the complete 
disappearance of hyperalgesia at about the sixth to the eighth week, 


1 Before leaving this subject we may mention an observation which as far as we are 
aware has not been made before. It is that when the pronounced form of goose-skin 
induced by the injection of adrenalin has passed off, that is by about an hour after the 
injection, the part affected by the drug shows a complete pilo-motor paralysis which lasts 
for three or four days. Clearly the prolonged activity produced by adrenalin exhausts the 
peripheral neuro-muscular mechanism in a way that can never be effected by the normal 
goose-skin reflex which is so characteristically transient. 

® We are much indebted to the manager of the Hammam Turkish Baths, Jermyn 
Street, for very courteously allowing us the use of the establishment outside the usual hours 
and providing us with every facility. 
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the area affected by a nerve section passes into a quiescent condition. 
In this state it attracts the attention of the subject less and less and 
might very well be forgotten if it were not for the periodical examination. 
We wish particularly to insist upon the complete absence of any 
unpleasant sensation or sensitiveness in the part at this stage. 

At some period however, between the tenth and fourteenth weeks 
after the operation, a remarkable change becomes observable near the 
proximal boundary of the area. Up till now a touch with the finger 
here has produced a numb and vague sensation of pressure only, and 
the change consists in the fact that this is now accompanied by a dis- 
tinct sensation having the characteristics of true touch which is felt, 
however, not locally but in the most peripheral part of the anmsthetic 
area. This peculiar phenomenon, which we call peripheral reference, 
is a constant and characteristic accompaniment of returning sensibility, 
and must therefore be dealt with in some detail. In the first place it 
is necessary to say that while peripheral reference is invariably present 
in an early stage of recovery, it does not, except possibly in the very 
earliest stages of all, accompany the sensations elicited by stimulation 
of every reappearing sensitive spot of the area. As we shall see there 
are certain qualities which do invariably accompany sensations elicited 
from every such spot and these qualities also are shared by the spots 
which give peripheral reference. 

This reference of sensation being a very striking phenomenon, which 
can scarcely escape the notice of the least educated observer, is by far 
the most valuable and least equivocal of all the evidences of regeneration. 
When a spot which has developed peripheral reference is touched, one 
of two possibilities may occur; either the touch is felt locally, and 
is referred as well, or nothing is felt locally and the touch is felt in the 
area of peripheral reference. The region in which the referred touch 

is felt is always at the edge of the most peripheral part of the anzsthesia. 
As long as no attempt is made to outline it with the finger it seems 
perfectly definite; as soon however as such an attempt is made and 
the region of reference is touched, the referred sensation becomes 
vague and disappears, There are few experiences during regeneration 
so surprising as this contrast between the difficulty of recognising by 
touch the part involved and the precision with which it can be 
described. 

» These referred sensations although felt, it may be, more than a foot 

away from the spot actually touched, resemble normal touches so 
remarkably that the subject frequently mistakes them for such. 
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They do however present certain peculiarities, They may appear less 
closely upon the stimulus than do normal touches; they often seem like 
a minute trickling within the substance of the skin, and when they are 
called forth in bulk by, for example, rubbing the recovering area with 
the whole hand the sensation produced is almost exactly like that of 
a faradic current of a strength just below the pain threshold. On 
spots which give both peripheral and local sensations it can generally 
be shown that the former is elicited less readily than the latter; such 
a spot for example when touched with a certain von Frey hair may 
yield a local sensation only, whereas when it is tapped repeatedly with 
the same hair the referred sensation may be produced. 

Touch however is not the only form of sensation in connection 
with which peripheral reference occurs. It is in fact sensations of cold 
which show the phenomenon in its most striking form. When an 
appropriate spot in a regenerating area is touched with a metal cylinder 
at a temperature of 0° C. nothing may be felt locally, but after a latent 
period, usually somewhat prolonged, there is felt in the area of peripheral 
reference a sudden trickle of cold of amazing intensity. This referred 
cold is perhaps the most definite and unmistakable sensation that it 
is possible to experience. No one who has heard the most imperfect 
description of it cqn fail at once to recognise the phenomenon when he 
experiences it in fact. Peripheral reference of cold reveals certain 
qualities which are either not present or are only imperfectly developed 
in peripheral reference of touch. The most striking of these is the 
intensity of the sensation. There can be no question that it is much 
more intense than any sensation of cold which can be elicited from 
normal skin by an object of equal size. As is well known the intensity 
of temperature sensations is dependent on three factors, the temperature 
and the conductivity of the exciting object and the size of the area 
of skin which is stimulated. Now the intensity of referred cold pro- 
duced by a cylinder of 1 mm. in diameter is as great as that produced 
by a much larger object on normal skin. For example in an area 
showing very well-marked peripheral reference the sensation elicited 
by the 1 mm. cylinder at 0°C. was as intense as that produced on a 
corresponding normal 3 mm. in diameter at 
the same temperature. 

Another measure of the intensity of the referred sensation is the 
fact that if the temperature of the testing cylinder be gradually raised, 
a sensation of icy coldness is quite definitely produced even as high as 
20° C. (68° F.). 
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It bas already been said that the interval between the stimulus 
and the sensation may be unusually long. This is not always the case, 
but on the whole may be said to be the rule. As with touch the local 
sensation may or may not be felt. It may precede or follow the 
referred sensation, usually the former, and, at any rate in early stages 
of regeneration, is practically always the less conspicuous of the two. 
Reference of cold is not confined to the maximal sensation, for sub- 
maximal sensations may also be referred. This however is a phenomenon 
much less striking and much more easily overlooked than the abrupt, 
intense and startling reference of cold. A fact no doubt closely 
associated with the intensity of the sensation is the tendency of this 
referred cold to persist. A succession of stimuli applied to an area 
which is giving referred cold induces a prolonged sensation which, for a 
time, renders testing impossible. 

Peripheral reference occurs also with pain. As with touch and 
cold the sensation may be local and referred or referred only, and the 
referred sensation is as a rule more pronounced than the local. The 
delay in the appearance of the sensation which occurs with cold may 
also occur with pain. The referred pain shows three well-marked 
qualities: it is, proportionately to the stimulus, very intense; it does 
not reproduce a normal sensation with the exactitpde found in the 
case of touch or cold but has a special quality of strangeness and un- 
pleasantness such as no pin-prick on normal skin can give; finally 
it produces an almost irresistible desire on the part of the subject to 
rub or scratch the region in which it is felt. When this region is 
rubbed considerable relief is experienced, and the pain which would 
otherwise have shown a marked persistence ceases. After many pin- 
pricks this rubbing ceases to afford relief and the part acquires 
a continuous soreness which may last for an hour or more. It is 
interesting to notice that the subject has no desire to touch the part to 
which the stimulus has been applied but only that to which the 
sensation has been referred. Moreover it must be added that it is not 
exactly the region of reference which must be rubbed, for that is 
anesthetic, but rather the skin possessing sensibility bordering 
immediately thereon. The peculiar unpleasantness of peripherally 
referred pain ig well shown by its mental effects; after an hour or 
so of investigation of the sensibility to pain on a recovering area the 
subject becomes quite incapable of carrying on the observations and 
may show an amount of distress quite incomprehensible to anyone 


who has not himself experienced how great is the disproportion 
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between the discomfort felt and the trifling nature of the stimulus 
which calls it forth. 

The very precise way in which sensations of ‘touch, of cold and of 
pain are referred might have prepared one to expect that sensations 
of heat would be referred in the same way. In fact however peripheral 
reference of heat never occurs. Occasionally, when temperatures which 
would produce a distinct sense of heat on normal skin are being used, 
a faint and diffuse sense of warmth may be felt in the peripheral 
reference area. Like all sensations of warmth however its significance 
is very slight and no importance can be attached to it, so that it does 
not in any way modify the striking difference in their behaviour 
towards peripheral reference, of sensations of heat on the one hand 
and of touch, cold and pain on the other. | 

A word more must be added here to emphasise the fact that 
peripheral reference always has a very precise relation with the 
anatomical distribution of the nerve. We have already said that it is 
felt at the edge of the peripheral part of the anwsthesia and to this 
we must add that it seems always to be felt in the line of the nerve 
trunk and in the place where the characteristic fluttering is produced 
when the normal nerve is faradised. The region of peripheral reference 
is for each nerve very constant. In the forearm for example where we 
had two nerves which supplied contiguous areas regenerating together, 
it was always possible to distinguish peripheral reference in the 
anterior branch from that in the posterior. As might have been 
expected, recovering sensibility, and therefore the possibility of peripheral 
reference, begins to appear first in the neighbourhood of the nerve 
trunk; first actually over the nerve and then in the previously 
anesthetic skin on each side. Moreover, when tactile, painful and cold 
stimuli are applied over the actual nerve trunk between the point of 
section and the proximal limit of the anesthesia, peripherally referred 
sensations of touch, pain and cold respectively are felt. In addition of 
course, corresponding normal sensations are felt locally, for the skin 
through which the stimulus is being applied to the nerve is of normal 
sensibility, As the proximal limit of the anesthesia is usually quite 
close to the point of section of the nerve, so that there is a very small 
length of the nerve trunk between these two, it was some time before 
we were able to observe with precision this very remarkable acquisition 
by a nerve trunk of what appears to be specific sensibility. Fortunately 
however in the case of one middle cutaneous of the thigh, a distance 
of no less than six inches was present between the point of section and 
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the upper limit of the anesthesia, and this allowed the phenomenon 
to be demonstrated with unmistakable clearness. 

As recovery proceeds two changes occur simultaneously, the local 
factor in sensation becomes more distinct and the abnormal quality of 
both local and peripheral sensation fades. While peripheral reference 
is the earliest phenomenon of recovery it persists until recovery is so 
far advanced that hypowsthesia is scarcely detectable by any quantitative 
methods. 

So far we have treated referred sensation during recovery as if it 
occurred towards the periphery only; this however is not the case. 
Peripheral reference is by far the most striking and the most constant 
form of reference and occurs from a much larger part of a recovering 
area than any other. From parts however in the distal regions of 
recovering areas, a reference of sensation in the opposite direction is 
observed. This is just as precise as peripheral and has similar 
characters with the single exception that the referred sensation is felt 
along the nerve on the proximal side of the anesthesia and usually 
at the point of section of the nerve. 

A third form of reference we have found in the case of one nerve 
only, namely the great auricular. Here recovery began with peripheral 
reference but ultimately a state of affairs was reached in which touch 
was always referred more or less exactly to the margin of the anesthesia 
opposite to the place stimulated: there was never any reference to the 
point of nerve section. We have thus three well-defined types of 
abnormal reference during recovery and they may be called the 
peripheral, the proximal and the diametric respectively. 

Qualitative characteristics of sensation during recovery. It has 
already been said that not all the spots in a recovering area which 
respond to stimulation give peripheral or some other form of reference ; 
it must now be added that these spots which do not give reference, 
that is which yield local sensations, yield sensations which have many 
of the special modifications of quality found in referred sensations. 
Thus it may be said that a leading characteristic of sensation produced 
by stimulation of a recovering area is that it is abnormal in quality. 

In the case of spots which yield peripheral reference to touch there 
is as we have seen no considerable modification in the quality of the 
sensation, because such modification being principally an increase in 
intensity cannot affect a form of sensation the intensity of which does 
not normally vary according to the stimulus; moreover no doubt such 
modification as occurs is rendered easier to detect by the fact of 
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reference, and thus it happens that touches which are felt locally in a 
recovering area have a quality practically normal. Local sensations 
of cold show a modification almost as striking as referred cold. The 
sensation is extremely intense, delayed in appearance and strikingly 
persistent, so that careful testing can only be done very slowly. The 
only qualitative difference therefore from the referred sensation is that 
the local is without the extremely striking trickling character which 
has already been described. Local sensations of pain have practically 
all the characters of the referred; that is to say they are intense, 
peculiarly unpleasant, persistent and produce in the subject an im- 
perative desire to rub the place where they are felt, in this case of 
course the point stimulated. 

It is not until recovery is far advanced in an area that the sensation. 
of heat begins to return, Up to this time cylinders with a diameter of 
1 mm. and at a temperature of 50°C, (122° F.) give rise to pain only. 
The pain is a pure prick having the same characters as pain otherwise 
produced in the same region; it is totally without any quality of 
temperature whatever. At this stage therefore it is clear that there is 
no modification in the quality of heat similar to that which occurs in 
the quality of cold and pain. This state of recovery is a fairly stable 
one and an area may remain for a considerable time with the four 
primary sensations qualitatively represented as follows:—touch practically 
normal; cold and pain profoundly modified; heat unrecognisable 
(Figs. 11, 12, 13). It must be understood that this statement has no 
quantitative application, in fact considerable hypoesthesia may be 
present, It is obvious that the return of sensibility to heat affords a 
remarkable exception in the process of recovery. It is at first repre- 
sented by pure pain, that is to say, pain will be produced by a 
temperature which on a normal heat spot gives the unmistakable 
sensation which is not only completely painless but is actually pleasant. 
The next stage is that into the pricking pain there steals an element 
still without a definite temperature quality but having the character 
which can be called burning. Gradually the burning becomes pre- 
dominant; one can say that one is being touched with an object either 
very hot or very cold but cannot say which. As recovery progresses and 
a true sense of heat appears, the pain element rapidly diminishes, and 
it may be laid down as an invariable rule that as long as a spot yields 
any sensation of pain, the accompanying sensation of heat will be 
imperfect, and that as soon as the sensation of heat is perfect the pain 
will have disappeared. These results can be generalised by saying that 


as 


‘ 
4 
* 
€ 
* 
tay 
‘4 
7 
4 
i, 
4 
a 
» 
7 
j 
¥ 
— 
4 
— 
— 
2 
‘ 
1 E 


2 22 
fe 0 = 0 *. 8525 0 3* = 
2 * * 22 7 e* 


4 2 
t 
i 
> 
q 
12 
1 
1 he 
4 
| 
BRUSH OUTLIN 
4 Fig. 11. 
* 


INNERVATION OF THE SKIN. 185 


Fig. 11. Left internal saphenous. Reduced by 4rd. . 
11 months after section. To show a stage in recovery. 
Tracing of results of examination with a temperature of 0° C. 
Spots marked „ gave a sensation of cold felt locally. 


3 A „ peripherally (just in front of internal 
malleolus). 
2 1 both locally and peripherally. 
4 Ths outline is Mal of the 
ig ‘stroking method.’ 


The broken outline is that of anwsthesia to the camel’s hair brush. 


The thermo-anesthesis which followed section of the nerve roughly corresponded 


with the area which now shows peripheral reference of cold. 
Recovery is most marked along the line of the nerve. 
The original area of anssthesia to the camel's hair brush is greatly reduced. 


the skin is hypersensitive to heat and reacts to 50°C. as normal skin 
14 would to a temperature 15 or 20 degrees higher. When the temperature 
of the cylinder is lowered sufficiently to counteract this sensitiveness, 
there is no longer sufficient thermal difference between the skin and the 

al cylinder to produce a sensation of heat. 
5 Quantitative observations. So far we have dealt with the qualitative 
reappearance of sensibility; we must now enter upon the question as to 
whether the return to the normal standard is immediate or gradual. It 
will be ‘tlear from what has gone before that it is very unlikely that 
sensorial acuity of normal grade will be acquired as soon as the quality 
of each sensation can be recognised. When we speak of return of 
sensibility to touch we mean that there has been recovered the 
possibility of feeling that characteristic light superficial pat which has 
been totally lost within a certain part of the affected area. We do not 
mean, however, that it can be elicited by stimuli as light as those which 
elicit it on normal skin. We find in fact that sensibility to true touch 
may return to an area long before that area is capable of responding 
to stimuli of a strength and character which would readily elicit 
a response from normal skin, that is to say it may be capable 
| ' of yielding this sensory quality sometime before it responds to cotton 
wool or the brush. In connection with the examination of recovering 
areas with cotton wool or the brush, we may point out here that the 
5 distribution of the reappearing sensibility in spots which may be very 
sparsely scattered and are usually of widely differing sensitiveness, 
renders the results given by these methods quite unreliable and may 
prevent any precise result being obtained on account of the baffling 
inconsistency of the subject’s responses. 
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Fig. 12, Left internal saphenous. J 
11 months after section. To show delay in return of sensibility to heat at a time 3 
when 2 to cold was far advanced. . 
Tracing of results of examination with temperature of 50° C. 3 
1 outlines are the same as in Fig. 11. q 
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In order to get a clear idea of the way in which sensibility returns, 
it is essential to realise that the course of the nerve, as might have been 
expected, forms the central line of advance. Along this will always be 
found the farthest outposts of change and about it will be grouped all 
such change as has occurred, making up a roughly wedge-shaped area, 
the axis of the wedge being the nerve and the base the proximal margin 
of the formerly anwsthetic part. As it is along the axis of the wedge 
that recovery begins, so it is there that recovery is most advanced, whereas 
along the sides the return is least complete. Thus for example the sides 
and apex of the area showing well-marked regeneration may contain 
spots which respond only to the heavier von Frey hairs of pressures from 
2000 to 4000 milligrammes, while the axial parts contain spots which 
respond to pressure below 400. About the apex the sensitive spots are 
always sparse and usually give sensations which are either referred alone 
or if they are felt locally are referred as well, whereas in the axial parts 
the sensitive spots may have attained their normal density of distribution. 
It must be clearly understood that in speaking of responses obtained to 
the heavier von Frey hairs, we are referring only to such responses as 
have the characteristic quality of touch, a quality very easily to be 
distinguished from the sensation of pressure which with these hairs 
usually accompanies it. Such touches, it is interesting to note, although 
elicited by the bending of a formidable bristle which leaves a pit in the 
skin, give the same superficial pat as that which is produced by a fine 
horse-hair. 3 

As to the precise order in which the various sensations return our 
observations have convinced us that touch, cold and pain all reappear 
about the same time and advance together. Probably touch, in a 
distinctly hypowsthetic form of course, is the earliest, but within a 
week or two pain and cold are felt. Although it is the first to appear, 


tactile sensibility remains hypowsthetic while the others soon develop 
a hypersensitiveness. 


Section 2. Motor. 


The vaso-motor changes which follow nerve section begin to show a 
diminution within a few days of the operation, and by the end of six 
weeks scarcely any abnormality of this function can be detected. It 
seems probable therefore that recovery occurs by some local compen- 
satory mechanism rather than by an active regeneration of the vaso-motor 
nerve fibres, The area appears to recover as a whole and we have found 
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no evidence of it being invaded from the proximal end by a process of 
recovery, though of course the changes present even at the first are too 
vague to allow of very exact observation. 

The case is different with the pilo-motor and sudo-motor functions. 
These reappear in a way which shows that recovery is due to re- 
generation of the nerve. The change begins at the proximal part of the 
area and gradually spreads throughout. The return of function occurs 
in stages so that a given region will first recover subnormal activity 
and this will be present for some time before full activity is attained. 
The time at which the change begins furnishes further evidence that a 
true regeneration is in progress. In a general way it may be said that 
pilo-motor and sudo-motor recovery begin about the same time as sensory 
recovery, showing that in both cases the time taken is probably due to 
the growth of the new fibres from the point of section to the paralysed 
area. Pilo- motor recovery does not progress so rapidly as sudo-motor 
and corresponds fairly closely with the improvement in sensibility to 
touch. Of all the six functions of the nerve the recovery of which is 
unquestionably due to a regeneration, sudo-motor function attains its 
complete activity first, and an area will show normal sweating while its 
_ sensibility to cold is very scattered and its sensibility to touch and heat 
very imperfect. 

Figs. 14 to 28 contain the „ in the area 
of the middle cutaneous of the thigh, namely soon after section, 
44 months, 6 months and 8 months later respectively. Fig. 14 is given 
on Plate I. These records may be taken as typical of what was found 
in the other nerve areas. It will be seen that at six months sudo-motor 
function was present all over the area though not in a fully active form, 
at a time when a very thin sprinkling of cold spots had reached the 
lower part, when no sensation of true heat could be felt, when sensibility 
to pain estimated with the normal threshold stimulus had returned 
in the upper two-thirds of the area and when touch was present all 
over, though in a markedly hypoesthetic form. Pilo-motor function 
had recovered only in the part which did not show more than a 
moderate hypoesthesia to touch. At eight months sensibility to heat 
was returning; touch had returned, but showed a moderate hypo- 
sthesia; cold and pain were almost complete; pilo-motor activity 
had returned in more than half the area and sweating was normal. 
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Fig. 15. Middle cutaneous. Right thigh. Outer branch. Sensibility to touch. 
Tracing of results of examination with von Frey hairs 34 months after nerve 
section. Reduced by }. 
The spots marked „ were touch spots which reacted to a hair of 280 mgs. pressure. 
O ” ” 800 
” + * 3480 

The area at this time shows the definitive results of the nerve section; all 
hyperalgesia has disappeared; the defect of sensibility is scarcely noticeable by the 
subject except during the periodical examinations. Signs of recovery however are 
just about to appear. 

The continuous line in this diagram and the rest of the series dealing with this 
nerve is the boundary of the area originally insensitive to the camel’s hair brush, and 
at this time of course unmodified, 
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Fig. 16. Middle cutaneous. Right thigh. Outer branch. Sensibility to cold. 
Tracing of results of examination with a temperature of 0° C. 33 months after 
nerve section. Reduced by }. 
No evidence of recovery. 
The spots marked are those which yielded a distinct sense of cold. 
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Fig. 17. Middle cutaneous. Right thigh. Outer branch. Sensibility to heat. 


Tracing of results of examination with a temperature of 50° C. (122° F.) 33 months 


after nerve section. Reduced by }. No evidence of recovery. 


Spots marked are those which yielded the sensation hot.“ 
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Fig. 18. Middle cutaneous. Right thigh. Outer branch. Sensibility to pain. 
34 months ole nerve section. by 3. 
9 stimulus used was about or à little above the normal pain threshold 
There was no hyperalgesia or abnormal quality in the pain felt. 


Fig. 19. 
PH. XXXVIII. 
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Fig. 19. Middle cutaneous. Right thigh. Outer branch. Sensibility to touch. 
Earliest stage of recovery. Tracing of results of examination with von Frey hairs a 
44 months after section of nerve. Natural size. 
The spots marked e were touch spots which reacted to a hair of 280 mgs. pressure. 


3480 
+ ” * ” ” 
The addition of the sign } means that a peripherally referred sensation is felt as 1 
well as a local sensation. Only that part of the ares is represented which shows 
changes of recovery. 


ee 
22 1198 


Fig. 20. Middle cutaneous. Right thigh. Outer branch. Sensibility to cold. 
Earliest stage of recovery. Tracing of results of examination with temperature of : 
0° C. 44 months after section of nerve. Natural size. 


The spots marked e yielded a local sensation of cold. . 
The spots marked 4 yielded a sensation of cold peripherally referred. 1 
The spots marked © yielded both a local and a peripherally referred sensation 


of cold. 
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Later stage of recovery. 
6 months after section of nerve. Reduced 


Fig. 22. Middle cutaneous. 


pilo-motor reflex was still 


The broken line indicates the area within which the 
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Fig. 24. Middle cutaneous. Right thigh. Outer branch. Sensibility to pain. 

Later stage of recovery. Tracing of results of examination with hair algometer 
6 months after section of nerve. Natural size. 

The spots marked „ yielded a sensation of pricking-pain with algometer at 
pressure of 2240 mgs. 

The spots marked © yielded a sensation of pricking-pain with algometer at 
pressure of 8480 mgs. 

The spots marked + yielded a sensation of pricking-pain with algometer at 
pressure of 5220 mgs. 
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Fig. 26. Middle cutaneous, Right thigh. Outer branch. Sensibility to cold. 
Advanced stage of recovery. * Tracings of results of examination with temperature 


of 0° C. 8 months after section of nerve. Reduced by}. Markings as in Fig. 23. 
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Fig. 27. Middle cutaneous. Right thigh. Outer branch. Sensibility to heat. 
Advanced stage of recovery. Tracing of results of examination with temperature 
of 50° C. (122° F.) 8 months after section of nerve. Reduced by }. 
The spots marked are those which yielded the sensation hot. 
Fig. 28. Middle cutaneous. Right thigh. Outer branch. Sensibility to pain. 
Advanced stage of recovery. Tracing of results of examination with hair algometer. 
Reduced by }. 
The whole area has recovered sensibility to stimulation with algometer at pressure 
of 2240 mgs., with the exception of the spots marked © which react to algometer 
at pressure of 3480 mgs. 
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Part IV. GENERAL CONSIDERATIONS. 
On the relation of these observations to the conclusions of other investigators. 


We have so far limited ourselves to a statement of the facts we 
have collected during our investigation and have avoided all general 
considerations, except in one or two places where a rigid exclusion of 
such would have interfered with the intelligibility of the exposition. 
We must now however concern ourselves more directly with the 
general aspects of the subject, and shall begin with some reference to 
the conclusions of other workers. As our work would not have been 
undertaken but for the demonstration by Head of the value of investi- 
gations carried out on subjects with scientific training, it is natural 
that we should wish to discuss first the bearing of our observations 
upon the views of this observer concerning the afferent peripheral 
nerves. As is well known he was led, as the result of work in con- 
junction with Rivers“ and Sherren® upon an area of anesthesia 
experimentally produced in himself, and of observations on a very large 
number of patients who were suffering from nerve injury, to enunciate 
an hypothesis of cutaneous sensory function which differed in a striking 
way from previously accepted views. The discussion of this work 
naturally divides itself into two more or less distinct parts, namely that 
concerned with the verifiability of the facts recorded and that concerned 
with the satisfactoriness of the generalisations based on them. Briefly 
summarised the facts recorded are as follows. Section of a cutaneous 
nerve produces an area of altered sensibility, the whole of which is 
anesthetic to cotton-wool. The boundary of this area, that is to say 
the line outside which there is normal sensibility to cotton-wool and 
inside which there is no sensibility to cotton-wool, marks a transition 
of the abruptest kind. Within this area the defect of sensibility is not 
equally distributed, for there is a more or less central region which is 
insensitive not only to tactile stimuli, but to painful and thermal 
stimuli also. Between the limit of this area and the outline of tactile 
anesthesia is an intermediate zone which while insensitive to tactile 
stimuli and to Weber's test, is sensitive to thermal stimuli differing 
widely in temperature from that of the skin, and is hypersensitive to 
painful stimuli. This hypersensitiveness to pain is accompanied by 
a peculiar qualitative alteration in painful sensations; these become 
diffuse, radiating, peculiarly unpleasant and produce in the subject an 
almost irresistible tendency to the making of some motor response. 
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The boundary between this intermediate zone and the central area 
of total anesthesia is indefinite. When regeneration occurs, two 
stages are noticeable and separated in time by a considerable interval. 
The first consists in the acquisition by the area formerly anesthetic, 
of the sensory characters of the intermediate zone. The central region 
and now therefore the whole affected area is sensitive to pain and to 
extremes of temperature, but is still insensitive to tactile stimuli and 
to Weber's compass test. The second change, which occurs much 
later and much more slowly, is the reappearance of tactile sensibility, 
of sensibility to Weber's test and to temperatures near that of the 
skin. The sensory capacities of the skin then return to it during 
regeneration in two groups. The return of the first group is peculiar 
in that it causes not merely the reappearance of sensibility to pain but 
also the appearance of hyperalgesia. The effect of the return of the 
second group of sensory capacities, not only restores all the remaining 
functions of the skin, but causes also the disappearance of the hyper- 
algesia which follows the return of the first group. 

These observations were regarded by Head and his collaborators 
as showing that the sensory functions of the skin are separable into 
two groups each of which is subserved by a distinct kind of nerve 
fibre. One group includes functions which are regarded as being the 
more primitive and less delicate: these are sensitiveness to pain and to 
thermal stimuli of extreme degree, and are referred to as “ protopathic.” 
The second group, which is regarded as comprising sensory mechanisms 
of a more elaborate and delicate kind, is concerned with sensibility to 
touch, to temperatures near that of the skin and with the capacity to 
feel as distinct two simultaneous contacts. This group is called 
“epicritic.” Thus the area of altered sensibility following section of a 
nerve has in the central part, which is totally anwsthetic, lost both its 
protopathic and its epicritic supply, whereas the intermediate zone has 
lost its epicritic supply only, and when regeneration occurs the central 
area recovers protopathic sensibility first, thereby acquiring the form of 
sensibility which has been possessed by the intermediate zone through- 
out. Thus it is obvious that the hypothesis asserts as a cardinal fact, 
that the form of sensibility possessed by the intermediate zone from 
the moment when the nerve is cut, is identical in all essential particulars 
with that present in the central and formerly totally anesthetic region 
at the end of the early stages of regeneration. 

We may now enter upon the discussion of the extent to which our 
observations confirm those of Head. We shall deal first with the 
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subject of tactile sensibility. At the beginning of his paper, Head 
shows that it is of cardinal importance to recognise that not only the 
skin but the deeper structures also are sensitive to contacts, so that in 
testing the sensibility of the skin it is essential to know whether the 
impression to which the subject is responding is coming from the 
superficial or deeper parts. All the work we have done tends to 
confirm the importance of this view and to show that the investigation 
of the problems of sensation in the abnormal is not possible without 
the recognition of it. To make sure that he is obtaining responses to 
impressions of purely cutaneous origin, Head uses one of what we have 
called the minimal pressure methods, that is to say he makes use of a 
stimulus which is supposed to be too light to stimulate the subcutaneous 
structures, it being assumed that touches which are only just heavy 
enough to be constantly felt must be limited in their effects to the 
skin. We are able to confirm most thoroughly his statement that such 
a method, for example that of cotton-wool or the camel’s hair brush, 
gives an extremely definite outline which is very easily obtained and 
remarkably constant. It does moreover on the whole correspond fairly 
closely with the outline of the area which the subject distinguishes as 
distinctly numb. It is not possible however to accept the results of 
this method as giving by any means a complete account of the state 
of sensibility to light contacts in skin deprived of the whole or part of 
its nerve supply. The outline given must of course be an arbitrary 
one even if the stimulus could be regarded as absolutely constant, a 
state of affairs which is of course far from being the case. The boundary 
given is that at which the skin ceases to respond to a pressure approxi- 
mately constant. The method gives us no certain evidence that the 
skin outside is of normal tactile capacity and no evidence whatever 
that the skin inside is incapable of response. It is assumed that if we 
use a heavier stimulus the responses may be coming from the sub- 
cutaneous tissues, but we have no right to assert that they are not 
coming from the skin. Holding as he does the view that touch and 
pressure form a single continuous series of sensations produced by 
stimuli, which are in series of increasing strengths, so that the 
differences both subjectively and objectively are merely those of degree %, 
it is natural that Head should regard the information given by the 
cotton-wool method as adequate or at any rate incapable of much 
expansion; for it is clear that according to this view it is impossible 
to be certain when a subject responds to a stimulus applied in the 
intermediate zone that the impression has not come from the sub- 
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cutaneous tissues. As we have already shown however there is good 
reason for believing that touch and pressure are sensations intro- 
spectively quite distinct, so that a trained observer can always distinguish 
them with ease and is therefore independent of the strength of the 
stimulus in determining whether the origin of the sensation is to be 
ascribed to the skin or not. The distinction between touch and 
pressure or between what we have called moving contact and static 
contact has recently been dealt with in some work carried out in the 
physiological laboratory of Cornell University by Elsie Murray“. 
The work was all done on the normal skin and therefore under 
circumstances requiring exceptionally delicate introspective analysis ; 
her conclusions however are in agreement with our results from work 
on hypowsthetic areas. The recognition of the fact that touch is a 
sensation sui generis opens up the intermediate zone to investigation. 
Before referring to the results of such examination a few words are 
necessary to define precisely the nature of this zone. According to 
the statement of Head, the area inside the cotton-wool line is sensitive 
to painful stimuli in its outer parts and analgesic only in its central 
parts, so that outlining the affected area according to sensibility to 
pin-pricks gives a very different result from outlining the area according 
to sensibility to cotton-wool. This observation we have been able to 
confirm in the area of each of the seven nerves we have cut. It is 
necessary however to make some comment upon the way in which 
this intermediate zone is outlined. The importance of an approximately 
constant stimulus in distinguishing sensations derived from the skin 
and the deeper structures was very rightly insisted upon by Head in 
the matter of touch. It is however obvious that in spite of the well- 
known relative insensibility to pain of the subcutaneous tissues, the 
same principle applies to the investigation of pain. Now very little 
experience is necessary to show thats the use of the needle in the 
ordinary way as a source of painful stimuli, involves a very considerable 
variability in the strength of the stimulation. Hence a comparison of 
the limit of analgesia obtained in this way, i. e., with a variable stimulus, 
with the limit of tactile anesthesia obtained with cotton-wool, i. e., with 
a constant stimulus, has certain unsatisfactory features the recognition 
of which very considerably diminishes the significance of the intermediate 
zone. Again when this zone is examined for sensibility to touch with 
the higher von Frey hairs, it being of course clearly understood by the 
subject that he is to respond only to sensations having the characteristics 
of true touch, it is found that there is a gradually increasing tactile 
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hypomsthesia present, and that this passes into total tactile anzsthesia 
at a line corresponding fairly closely with the limit of the other total 
losses, We have found this persistence of sensibility to touch in the 
form of a hypomsthesia extending well within the cotton-wool line in 
all our observations; that is to say in the case of the area of one nerve 
on the face, three nerves in the upper limb and three nerves in the 
lower limb. We are therefore compelled to conclude that the inter- 
mediate zone as regards sensibility to touch is merely a region of 
trans.tion between the first considerable reduction in sensitiveness 
represented by the cotton-wool line and the region of total loss which, 
as we have already said, falls somewhere in the same neighbourhood as 
the other total losses. 

If the views we have expressed as to the meaning of the cotton- 
wool or brush line are correct we should expect to find that an adequately 
minute method of examination would reveal defects of tactile sensibility 
outside that line. The existence of such minor grades of hypossthesia 
we have already described in Part II. When it is fully recognised that 
tactile sensibility is distributed in -spots, as of course has been 
abundantly proved to be the case, it becomes extremely probable that 
there must be slight degrees of hy pomsthesia which cannot be detected 
by cotton-wool. The conditions necessary to give a sharp outline to 
cotton-wool are that the touch spots must be numerous and closely 
set and that the reduction in their sensitiveness shall be concentrated. 
In a part which is normally not very sensitive to touch, that is to say 
where the touch spots are scattered, the hyposthesia will be much 
spread out, and over a considerable area cotton-wool will be recognised 
in what appears to be a very capricious way, perhaps only half the con- 
tacts being responded to. Here it will be almost impossible to obtain a 
cotton-wool outline at all. Such regions when examined with von Frey 
hairs show a very gradual transition from normal sensibility to anzsthesia. 
The two places in which we have found this very noticeable are on the 
outer side of the thigh near the knee and the back of the forearm near 
the elbow. In such places it is obvious even to examination with 
cotton-wool, that one is dealing with a gradual transition rather than 
with a concentrated change, but as a matter of fact everywhere outside 
the cotton-wool line careful examination with the von Frey hairs shows 
a territory variable in width in which a diminution of tactile sensibility 
can be detected. We are thus driven to the conclusion that section of 
a cutaneous nerve produces an area of total loss of tactile sensibility 
smaller than Head describes as that of epicritic loss and surrounded by 
a broad band of hypowsthesia larger than the epicritic loss. 
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The limit of anesthesia to cotton-wool being obtained with a 
stimulus which is considerably above the normal threshold for touch, 
falls somewhere in the outer part of this surrounding hypoesthesia but 
not at its margin. Moreover, when the finer qualitative methods of 
testing are used, it is found that the cotton-wool outline so far from 
being the utmost limit of change, is surrounded by a large zone of 
qualitative modification; and that this area, while scarcely hypoesthetic 
to the ordinary quantitative examination, has an outline very constant 
and always capable of detection by the stroking method. Such a 
qualitative change will of course be impossible to detect by examining 
the area with cotton-wool. 

To summarise the comparison of our observations with those of 
Head in regard to touch, we may say that the results obtained with 
the methods he used are entirely in accordance with his, but that with 
other methods a certain number of facts have been observed, to which he 
did not call attention. 

It will be noticed that we have said nothing about regeneration of 
tactile sensibility; we propose later on to deal with the subject of 
regeneration as a whole. 

The statement of Head that in the intermediate zone there is 
anesthesia to temperatures between 20° and 40°C. and sensibility to 
temperatures outside this range, we can in a general way confirm. We 
have found however that it needs certain modifications. In the first 
place there is no very precise correspondence between the line of 
insensibility to cotton-wool and this altered form of thermal sensibility. 
Sometimes the thermal change stretches beyond the cotton-wool line, 
at other times it withdraws within it. Moreover the insensibility to 
intermediate temperatures seems subject to considerable variations and 
as a rule seems to be less in the more external parts of the area than it 
is in the inner. With regard to the sensibility to extreme temperatures 
possessed by the intermediate zone, the statement of Head that this 
region responds to these temperatures, leaves it open to doubt as to 
whether the sensations experienced are of normal intensity or not. 
This is a point of considerable importance, because if there are two 
independent sets of nerves subserving the temperature sense, it is clear 
that the isolated paralysis of those concerned with intermediate 
temperatures should not be accompanied by any diminution of the 
activity of those concerned with extreme temperatures. Now we have 
found that while sensibility to extreme temperatures does undoubtedly 
persist, it persists in a distinctly modified form; stimuli which should 
cause a sensation of cold being felt as cool and stimuli which should cause 
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a sensation of heat being felt as warm, and this goes with insensibility 
to intermediate temperatures, so that in a region where the subject 
cannot recognise temperatures of 20° to 40° C., temperatures of 0° and 
50° C. will be felt as cool and warm respectively, or where ice is felt as 
cool intermediate temperatures will not be recognised. It seems there- 
fore that sensibility to intermediate temperatures cannot be lost without 
some accompanying modification of sensibility to extreme temperatures, 
and thus the complete independence of the two systems, which would 
appear to be demanded by the hypothesis of Head, does not exist. As 
we have already pointed out in the Introduction, theoretical considera- 
tions indicate that a thermo-hypowsthesia should appear as an 
extension of the normal insensibility to temperatures near that of the 
skin, and a diminution in the intensity of sensations derived from 
temperatures outside the intermediate range. Now this is precisely 
the state of affairs found in the intermediate zone and it would seem to 
us that the facts are more satisfactorily generalised in the statement 
that there is a thermo-hypoesthesia than in the supposition that one 
of two hypothetical forms of sensibility to temperatures has disappeared 
leaving the other not, as should be the case, unmodified, but distinctly 
enfeebled. 

We should like to call attention to the fact that the view expressed 
here does not in any way conflict with the actual observations reported 
in Head’s work, for he says there merely that the intermediate zone is 
sensitive to extremes of temperature, but he does not say that this 
sensibility is of normal acuteness. 

It is in connection with sensibility to pain that the observations of 
Head contrasted most strikingly with previously accepted views. He 
found that the intermediate zone was the seat of hyperalgesia and that 
during regeneration the first change was the appearance of hyper- 
algesia in the region previously analgesic, this hyperalgesia of 
regeneration differing only from that following immediately upon the 
nerve section in being more intense. In our own observations we have 
been able in certain respects to confirm these results, but only with 
modifications which, though at first sight comparatively insignificant, 
seem to us to be very important from the point of view of interpreta- 
tion. In the first place such hyperalgesia as is present before the onset 
of regeneration we have found not to be present continuously from the 
operation onwards, there being two distinct intervals during which the 
central area of cutaneous analgesia can be shown to be surrounded by a 


hypoalgesia rather than a hyperalgesia. These periods include the first 
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ten or twelve days after the operation and the time from the eighth or 
ninth week after the operation until the beginning of regeneration. It 
is clear that if these results are to be accepted, such hyperalgesia as 
occurs cannot be regarded as directly due to the nerve section, that is 
to say, cannot be regarded as due to the absence from the skin of some 
form of sensibility. For if it were due to such a mechanism the 
hyperalgesia must appear at once upon the cutting of the nerve. The 
fact that it does not do so is confirmed by the observation that when a 
cutaneous nerve is paralysed by a local anssthetic no hyperalgesia is 
found. Such an observation was published by Langley who after 
cocainisation of the cutaneous branch of the musculo-cutaneous of the | 
leg found no increased sensitiveness to pain % Before we were aware of 
| this experiment we had made a similar observation upon the internal 
1 saphenous nerve of one of us. The nerve in this case was paralysed by 
. use of the eucaine-adrenalin mixture but the result was identical as 
regards sensitiveness to pain with that of Langley. Whatever then 
] may be the explanation of the hyperalgesia which does undoubtedly 
| follow the section of a sensory nerve, it would seem that we are at any 
1 rate no longer compelled to ascribe it to a mechanism so inassimilable 
4 with the rest of our knowledge of sensation as that suggested by Head, 
7 according to whose view increase in sensitiveness to one stimulus is 
produced by a loss of sensitiveness to a totally different one. 

It seems probable from the description of Head that the hyperalgesia 
he found in the intermediate zone was not always uniformly distributed 
all over the surface, but tended at times to occur in distinct small areas ; 
moreover, he states definitely that the boundary between the hyperalgesia 
and the analgesia is a very indefinite one, so that in the central part of 
its distribution at any rate the hyperalgesia he found must have had a 
patchy distribution. Our observations have shown us that this patchi- 
ness of distribution is a constant and characteristic feature of such 
hyperalgesia as is found before the occurrence of regeneration. It will 
be necessary for us to return to the discussion of these phenomena later 
on, but it seems advisable in the interests of clearness to leave them for 
the present as we have mentioned all the points which are relevant at 
this stage. 

To summarise the comparison of our observations on the results of 
nerve section with those of Head, we may say that there is a very 
considerable resemblance between the two, and that most of such 
differences as there are, have been obtained by the use of further 
elaborations of the methods he employed. Nevertheless, it must be 
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confessed that such differences as we have found have led us to doubt 
more and more the capacity of his hypothesis to generalise the facts in 
a satisfactory way. There is however one small and comparatively 
insignificant field of investigation in which our results are in more 
direct conflict, namely the effects of nerve section upon sensibility to 
Weber's compass test. In his original article Head states quite 
definitely that loss of epicritic sensibility removes the capacity to 
distinguish two simultaneous contacts; that is to say that within the 
intermediate zone the compass points cannot be distinguished however 
widely separated. This statement he repeats a year later without 
modification in his work upon the grouping of afferent impulses within 
the spinal cord, and he seems to regard this loss as being that of a 
specific capacity and not merely as the result of a reduction in ordinary 
tactile sensibility. Seeing that in the areas where this loss is said to 
have occurred there is admittedly a reduction in tactile sensibility, 
which as Head himself says must have an effect upon the results of 
Weber's un test, we do not see how this distinction can have been 
established. It would seem therefore more simple to regard defects in 
the discrimination of two points following section of a cutaneous nerve 
as being merely a measure of defects in tactile sensibility, and indeed it 
was used as such by Head and Sherren. This view of course would 
accord very well with the known importance of deep sensibility in this 
test, as is shown for example by Spearman’s observation of the 
remarkable enfeeblement of the discrimination of points that is produced 
by muscular fatigue, and would accord with the result of Weber's test 
as carried out by ourselves, for we have found in the parts corresponding 
with the so-called intermediate zone, instead of an abolition of the 
power to discriminate two points, a diminution in it which has always 
been strictly proportional to the amount of tactile hypowsthesia. Of 
course in the central region where the contact could not be felt at all 
there was no power of discrimination, but everywhere else some such 
power was present. 

So far we have made no reference to the relation of our observations 
on the phenomena of regeneration to those of Head. Now as we have 
already pointed out, the validity of Head’s hypothesis depends on the 
establishment of a substantial identity between the state of affairs in 
the intermediate zone and that in the formerly analgesic part of an area 
during the early stage of recovery. It will therefore be more convenient 
to point out what bearing our results have upon this identity before 
dealing with the general facts of regeneration. It is evident that it 


PH, XXXVIIIL 14 


* * 2 7 
7 
‘ye 
7 
4 
— 
* 
* 
1 
is 
* 
* 
— 
| 
* 
| 
wit 
— 
é | 
‘. 
N 
* 
— 
: 


9e 


210 . TROTTER AND E. M. DAVIES. 


was recognised by Head himself that sensibility in the intermediate 
zone was not completely identical with that in the recovering area. In 
discussing the phenomena of recovery after section of nerves supplying 
the hand he makes the following statement. 

„But although sensation from the whole affected parts of the hand 
closely resembles in- quality that of the intermediate zone present 
immediately after the nerve has been divided, yet in the intensity and 
the rapidity of reaction the sensitiveness of the recovering parts is 
considerably greater. We have no satisfactory measure of the intensity 
of pain, and can judge only by the statement and behaviour of the 


patient. By such standards it is certain that a prick now produces a 


more unpleasant sensation over the same parts than shortly after the 
accident before recovery could have begun. Moreover cold and heat are 
felt with greater promptitude over the recovering area of the hand 
than over the intermediate zone between the touch and prick borders. 
Thus although the quality of the sensation that can be evoked from 
those parts of the hand where sensibility to prick has returned closely 
resembles that of the intermediate zone, the intensity, and therefore the 
extent, of the innervation has considerably increased %.“ 

This difference in the intensity of sensation is not however the only 
difference between the recovering area and the intermediate zone which 
he observed. Shortly before the passage quoted above, the following is 
to be found. 


“In the earlier period of recovery whilst the analgesia is retreating 


Ne the hand all sensation of true heat is not infrequently absent. The 


recovering parts are sensitive to cold and to the unpleasant burning 
or ‘stinging’ aspect of a hot stimulus but not to heat itself. Sensations 


of cold play therefore a greater part in the effect produced by this area 


of the skin upon consciousness and this part of the hand always feels 
colder’ than normal. Ultimately however, temperatures of 50°C. or 
above can be appreciated without hesitation as heat.” 

It is obvious from a careful reading of the paper that another 
peculiarity of the recovering area had been noticed. In describing 
recovery of thermal sensibility Head and Sherren in the part of their 
paper already quoted, make this statement. 

“A test tube containing water at any temperature below 20°C. is 


appreciated as cold and it matters little whether it contains ice or water 


at 18°C., both are said to be ‘ice-cold.’” No special prominence is 
given by. the authors to the facts contained in the last two quotations 
and it seems clear that they do not attach any special importance to 
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them. Nevertheless there can be little doubt that the last quotation 
contains a reference to the phenomenon of intensified cold which we 
have described as being a constant and characteristic feature of a 
recovering area. Similarly in regard to the quotation concerning the 
absence of true heat from recovering areas, it would seem that no 
special importance is ascribed to this phenomenon which is referred to 
as occurring not infrequently” and as “ultimately” passing off. We 
have already described the absence of true heat as being very constant 
and long persistent during recovery and we shall later attempt to show 
that it may probably be regarded, paradoxical as this may seem, as a 
phenomenon in essence identical with that of intensified cold. Now there 
is no hint in any of Head’s descriptions that these peculiarities with 
regard to cold and heat were found in the intermediate zone, and it 
would seem probable that as they attracted his attention, to some extent 
at any rate, in recovering areas they would not have escaped him had 
they been present immediately after the nerve section. According to 
him, such differences as are present between the intermediate zone and 
an early recovering area are due to a greater extent of innervation in 
the latter case. It is difficult to see how this could account for an object 
at a temperature of 18°C. being felt as ice-cold, that is as colder than 
it is felt on normal skin, and the difficulty would be greater in 
explaining thus those cases, which Head himself says are not infrequent, 
where no true heat can be felt, although intensified cold is present. 

Our observations have shown us that in the region corresponding 
with the intermediate zone extreme temperatures, although responded 
to and discriminated, always yield sensations below the maximum 
intensity and that in early recovering areas the same temperatures 
produce in the case of cold a greatly intensified sensation, and in the 
case of heat no sensation of true heat at all. We cannot but regard 
therefore the two kinds of area as possessing forms of thermal sensibility 
fundamentally different. 

In all his descriptions one is given to understand by Head that 
the intermediate zone is exactly limited by the cotton-wool line; that 
is to say that outside this line sensibility to temperature and to 
pain is normal while inside there are hyperalgesia and insensibility to 
intermediate temperatures. It would appear that he regards this 
exact correspondence as essential to the validity of his hypothesis, as 
clearly it must be if the various factors of the protopathic forms of 
sensibility are at all closely interdependent. A priori it would seem 
extremely improbable that if the loss of sensibility to cotton-wool and 
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e ch of sensibility to pain coincide with one another so precisely, 
— a should have been noticed by no earlier observer. In 
our own work we have found that the correspondence is by no means 
close and that the distribution of the sensory changes in relation to the 
cotton-wool line is so variable that it is not possible to regard them as 
being confined to or occupying the whole of the zone intermediate 
between the cotton-wool line and the limit of anesthesia. We have 
so far used the term intermediate zone for convenience in discussion, 
but it must be clearly understood that it has been used merely as a 
term of identification and not as implying that those forms of sensibility 
which are usually found there are limited to it or extend throughout it. 
For example, the thermo-hypossthesia which produces insensibility 
to intermediate temperatures and reduction in the intensity of the 
sensations derived from the extreme temperatures, usually occupies an 
area distinctly larger than that insensitive to cotton-wool; it is not 
however necessarily concentric with the cotton-wool line and in most 
cases as a matter of fact passes within it somewhere or other. This 
applies both to the hypowsthesia to heat and to that to cold. The 
same is true of the alterations of sensibility to pain. As we have 
already shown two modifications in this form of sensibility occur before 
the onset of regeneration, namely, the appearance of a zone of 
hypoalgesia surrounding the analgesia, and the temporary appearance of 
a peculiar patchy hyperalgesia. The hypoalgesia is present before the 
hyperalgesia appears and persists after the latter has ceased to be 
detectable. The distribution of it corresponds in a general way with 
that of the thermo-hypowsthesia already described. It is more difficult 
to outline precisely than the thermo-hypossthesia, but there can be no 
doubt that it does not correspond exactly with the cotton-wool line and 
may extend outside it. The hyperalgesia, which, as we have already 
said, is only temporary, has an extremely irregular distribution ; it may 
extend from far outside the cotton-wool line, through the intermediate 
zone and crop up as it were in small islets in the midst of the central 
analgesia: It is essentially patchy and irregular, and of all the varieties 
of altered sensibility shows the least inclination to be limited to the 
region intermediate between the cotton-wool line and the analgesia. 
Thus it will be seen that we have nowhere found in our observations 
that close coincidence amongst the various forms of sensory loss which 
seems to have been found by Head and would appear to be essential 
for the maintenance of his hypothesis. 


So far we have dealt with two important corollaries which should 
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follow from Head’s hypothesis, namely, the identity of the intermediate 
zone and the recovering area, and secondly the question of the 
coincidence of the distribution of loss of sensibility to touch and to 
intermediate temperatures. A third equally important subject for 
discussion is that of the various possible dissociations of sensibility 
which may follow peripheral nerve lesions. The ordinary form of 
dissociation described by Head is that which he explains as being 
due to the loss of epicritic sensibility being larger than the loss of 
protopathic sensibility, thus producing an intermediate zone insensitive 
to touch and to intermediate temperatures but sensitive to pain. It 
is obvious that according to the hypothesis only one other form of 
dissociation can occur, and this, to use Head’s terms, would be 
described as due to the protopathic loss being larger than the epicritic, 
thus producing an intermediate zone sensitive to touch and to inter- 
mediate temperatures, but insensitive to pain and extreme temperatures. 
This form of dissociation is described by Head as occurring exceptionally 
after division of a cutaneous nerve, and then in small parts only of the 
total area of altered sensibility. Before we discuss the instances of this 
which he gives, we may mention the forms of dissociation which are 
found in various parts of the body in the normal, and those we have 
ourselves observed after division of sensory nerves. The principal work 
of this kind was done by von Frey™. According to him there are 
three elementary forms of sensibility, touch, temperature and pain. In 
certain parts of the body one of these occurs alone; in certain parts two 
only occur and the general surface of course has the three. The only 
form of sensibility which is found singly is sensibility to pain. This 
occurs in the central parts of the cornea and in the dentine and pulp of 
the teeth; that is to say in these regions the only sensations which can 
be elicited are sensations of pain. Such an occurrence would seem to 
conflict with Head’s hypothesis. For if the cornea is insensitive to 
touch and therefore destitute of epicritic sensibility, the only form of 
sensibility it can possess must be protopathic, and if it is possessed of 
protopathic sensibility, in addition to being sensitive to pain, it must 
be sensitive to extreme temperatures. Of the possible combinations of 
two elementary forms of sensibility, von Frey describes two; namely, 
pain and temperature, and touch and temperature. The first couple is 
found at the margin of the cornea and on the conjunctiva and also on 
the glans penis. This type is consistent with the parts possessing 
isolated protopathic sensibility but not wholly so, since von Frey thinks 
that the conjunctiva is probably sensitive to cold but not to heat. The 
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second type in which two forms of sensibility can occur together is the 
combination of touch and temperature and is found in places within the 
mouth. If the mucous membrane of the mouth were possessed of 
epicritic sensibility alone, it could not possess the sensibility to extreme 
temperatures which it undoubtedly has. It will be seen then, that on 
the whole the observations of von Frey cannot very well be assimilated 
with the views of Head. Nevertheless, those who have carefully read 
the various papers of von Frey can scarcely fail to be struck by the 
excellence of the work embodied therein and will feel that his 
conclusions ate worthy of very respectful treatment. 

We have found that dissociations of sensibility are not uncommon 
in the marginal regions of affected areas, but as a rule they represent 
merely varying grades of hyposthesia, and do not lend themselves to 
exact observations upon the possibilities of dissociation. We had, how- 
ever, one opportunity of observing a dissociation which was very little 
confused by the presence of hypowsthesia. The anzsthesia produced by 
division of the anterior and posterior branches of the internal cutaneous 
nerves of the forearm formed a V-shaped figure, the areas of the two 
branches meeting below and running side by side for about three inches. 
Along this line of union were three small patches of skin which still 
retained a certain form of sensibility. This they received as we 
ultimately found from what we call the middle branch of the internal 
cutaneous, a small nerve coming off from the posterior branch high up 
and supplying the hollow of the V with all forms of sensibility. These 
islets were insensitive to pain and temperature but sensitive to touch. 
Sensibility to touch was of almost normal intensity, insensitiveness to 
pain and temperature complete, so that if the investigation had been 
confined to the use of painful and thermal stimuli the islets would have 
been indistinguishable from the surrounding completely anesthetio parts. 
Thus these areas resemble fairly closely the area found by Head on his 
own forearm and described by him as possessing epicritic sensibility but 
not protopathic, the chief differences being that in our area sensibility 
to touch was good and the loss to temperature complete, whereas 
in Head’s, tactile sensibility was poor and sensibility to intermediate 
temperatures was present. “The area was small,” he says, “and its 
epicritic sensibility was of a low order, but in spite of these disadvantages 
it became obvious after repeated testing that the area was capable of 
appreciating temperatures between 36°C. and 45°C. It was however 
entirely insensitive to temperatures of 50°C. and above. To ice and to all 
forms of cold this part was equally insensitive. It would therefore seem 
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that by a fortunate chance in nerve distribution we had divided those 
fibres which subserve protopathic sensibility, leaving untouched at any 
rate some of those which conducted the impulses of epicritic sensibility. 
Such an observation can only be explained by assuming that the two forms 
of sensibility depend upon two separate systems in the peripheral nerves. 
Experiments with so delicate a sensory change can only be carried out 
satisfactorily by frequent repetition, by selection of occasions when the 
patient is from the sensory point of view in excellent condition and 
under the rigid check of a large number of controls.” This description, 
it may be remarked, does not correspond precisely with what we should 
expect of an area possessed of epicritic sensibility alone, for the range 
of intermediate temperatures which can be appreciated over such an 
area is given by Head as extending down to 22°C., and therefore 
including temperatures which applied to normal skin would elicit 
sensations of cool. To these of course the area should have been 
sensitive, but we are told it was insensitive to all forms of cold’. 
Furthermore the temperatures to which it is described as being 
sensitive are just those which applied to normal skin give sensations of 
warmth. Now we have already called attention to the fact that what 
appear to be sensations of warmth are frequently experienced when a 
thermo-anesthetic region is being stimulated with objects of any 
temperature. Such hallucinatory warmth is as likely to be produced 
by a cylinder of 0°C. as by one at 50°C. or by one at a temperature 
felt as indifferent over normal skin. We are not told that temperatures 
outside the range from 36°C. to 45°C. were unaccompanied by any 
sensation of warmth, information which would be essential to prove 
that the sensations elicited by temperatures of 36°C. to 45°C. were 
not hallucinatory, nor are we told that temperatures within the range 
which was supposed to be appreciated could be discriminated. With- 
out such observations, the probability seems very great that the area 
was merely one of an ordinary form of thermo-anesthesia. This 
suggestion would seem to be confirmed by the apparent difficulty there 
was in the demonstration of the change. In our experience hallucin- 
atory warmth is a very capricious phenomenon, and if it is to be 


1 It has already been pointed out by von Frey that this area did not show a true 
anwsthesia to intermediate temperatures but that the condition of the thermal sensibility 
in it could be described consistently with the description of Head as one of anmsthesia to 
cold. The absence of the sensation hot and the presence of the sensation warm are 
explained by von Frey, following the hypothesis of Alrutz, as a consequence of the 
anwsthesia to cold. We shall refer again to this hypothesis below. (Of. Part IV, 
Section 4.) 
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regarded as the explanation of this peculiar dissociation it would at any 
rate very well account for the supposed sensibility to temperatures 
between 36°C. and 45° C. being difficult to demonstrate and dependent 
on the excellence of the subject’s condition from the sensory point of 
view. Another hint that the explanation of this case, which we 
tentatively suggest is perhaps correct, is to be found in the same para- 
graph as that we have just quoted. A case is referred to there in 
which after operative interference with the nerves at the base of the 
brain, a patient developed analgesia “unaccompanied by an equivalent 
loss of sensibility to light touch”... here there could be no doubt that 
the patient could appreciate warmth but not heat and he many times 
stated that a temperature of 55°C. was neither hot nor cold but that 
43° C. was undoubtedly warm.“ Here we have the same inconsistency 
with the hypothesis, namely the absence of sensibility to temperatures 
which should have produced sensations of coolness, and from the 
way in which the facts are stated it may perhaps be inferred that the 
patient did not invariably call temperatures of 43 C. warm. 

Before we leave the subject of dissociated sensibility, a few words 
may be added upon the sensibility of certain internal parts. The 
parietal peritoneum appears to afford an example of a part possessing 
sensibility to pain only and thus resembling the cornea and the pulp 
of the teeth. Ramström's recent careful observations upon patients 
during abdominal operations done under local anzsthesia seem to show 
quite clearly that the parietal peritoneum is entirely insensitive to 
touch and pressure and to temperature stimuli; thus failing to be 
classifiable under either of the categories of Head’s hypothesis. It is 
interesting to note that this part of the peritoneum appears to afford a 
still further specialisation, in that pain is not elicited by any stimulus 
except traction 0. 

We may now enter upon the comparison of our observations upon the 
phenomena of recovery. The outstanding difference between Head's con- 


clusions and ours is that we do not find the discrepancy he did between 


the return of sensibility to pain and the return of that to touch. This 
at first sight appears to be a grave conflict in observation, but there are 
one or two considerations which suggest that the inconsistency between 
the two series is due to a certain extent to the difference in the methods 
employed. It is certain that for a long time after the characteristic 
sensation of true touch can be elicited from the recovering area, tactile 
sensibility is present only in a very hypomsthetic form, in spots very 
sparsely scattered and that the sensations which are experienced are for 
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the most part accompanied by forms of localisation which give them a 
striking strangeness. Again, the whole subject of sensibility to pain is 
rendered difficult by the fact that we have no absolute means of 
determining whether a given sensation of pain is due to an impulse 
coming from the skin or from the deeper structures. So that observa- 
tions upon areas which are supposed to be insensitive or hypersensitive 
to pain or recovering sensitiveness to it are of comparatively little value 
unless the observations are made with the use of a constant stimulus, 
The difficulty here is precisely the same as that which was so clearly 
pointed out by Head in regard to defects of tactile sensibility and it 
can be overcome in the same way, namely, by choosing a stimulus which 
there is reason to believe cannot act upon the deeper nerve endings, 
and is constant in intensity. 

The three phenomena which we regard as being especially charac- 
teristic of a regenerating area, namely intensified cold, the delay in the 
return of heat and the reference peripheral and otherwise of cold, pain 
and touch, seem all to have been noticed by Head, but he does not 
appear to have regarded them as constant or of any great importance, 
though they give to sensations derived from a recovering area a series 
of qualities totally unlike anything experienced before the onset of 
regeneration. Nor does he seem to have distinguished clearly between 
the stinging diffuseness which all painful sensations originating in a 
regenerating area possess, and the precisely localised distant sensation 
which is given by peripheral or proximal reference. We may add that 
the constancy of these phenomena became plain to us only after we had 
abandoned the attempt to outline the changes that were occurring and 
had adopted the method of recording precisely the situation of each spot 
stimulated and the qualities of the resulting sensations. 


On the peripheral mechanisms of sensation. 

As our experience has increased we have become more and more 
impressed with the validity of the doctrine that all forms of sensibility 
possessed by the skin are distributed in minute isolated spots; that the 
spots sensitive to heat and to cold are irregularly arranged in more or 
less compact groups; that touch is intimately associated with the hair 
bulbs and that pain spots are more uniformly and more closely set than 
the others. These views of course agree with the conclusions of the 
classical researches of Goldscheider™ and von Frey. 

The problems concerning the essential nature of the impulses which 
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originate the various forms of sensation were not primarily set before us 
when we began this investigation. Incidentally however our obser- 
vations have led in this direction and have suggested certain hints 
which, though not going far, may perhaps be of some interest to those 
more directly concerned with the subject. 

With regard to sensations originated by contact we have no doubt 
that touch and pressure form two independent series originated 
peripherally by physical and physiological mechanisms quite distinct, 
and leading to sensations which are introspectively quite easily 
distinguishable. Touch is essentially associated with movement, 
pressure with continued compression. The essence then in the 
origination of the former is change and the sensation therefore shows 
a close temporal dependence on the stimulus. Pressure, or, as we call 
it, static contact in contradistinction to moving contact, is essentially of 
considerable extent in time and therefore much less closely correspondent 
with the duration of the stimulus. Consequently we shall expect to 
find in the physical mechanism of touch, means whereby movement 
is very directly transformed into a nervous impulse. The simplest 
mechanism by which this is effected is undoubtedly that wherein the 
whole surface is made very mobile through the thinness of the 


- epidermis as in the lips, or the softness of it as in the tongue. That 


this is the source of the extremely delicate tactile sensibility of the lip 
is shown by the marked effect produced by allowing the surface to dry. 
A moist lip is sensitive to the very finest von Frey hairs; if it be 
allowed to dry, even only so far as to give the slightest glaze to the 
surface, a marked raising of the touch threshold at once occurs. It is 
obvious however that the mechanism which is quite satisfactory in the 
lip is unsuited to the general surface of the body on account of the 
liability to injury it brings with it, and the impossibility of keeping the 
surface sufficiently moist. The problem is solved for the skin by the 
utilisation of the hair bulbs as end-organs for touch. The sensitiveness 
of the part to touch now depends no longer necessarily upon the extent 
to which the surface is movable, but upon the extent to which the 
hair bulb is movable. The hair is important in two respects. Its 
principal function undoubtedly is to conduct below the-surface of the 
skin the movement which must reach the hair bulb before a touch 
impulse can be generated. Secondly, it seems to be of value in keeping 
the hair follicle rigid, thus allowing contacts anywhere over the latter 
to cause movements of the hair bulb away from the surface. This 
second function of the hair is suggested by von Frey’s observation that 
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the tactile sensibility of a hair bulb is diminished when the hair is 
pulled out. The importance of the first mechanism is shown by the 
fact that comparatively hairy parts like the thigh are more sensitive to 
touch than parts like the front of the forearm, where the skin looks so 
much more delicate and sensitive, and the hairs are so much finer. It 
would seem that up to a certain point increase in the thickness of the 
hair is an advantage to tactile sensibility, but beyond this the advaatage 
is lost through the relative immobility of the larger bulb. If.a part not 
thickly covered with hair is carefully examined, occasional hairs will be 
found that are notably thicker than their fellows. The touch spots of 
these hairs are usually below the average sensitiveness. Again in a hairy 
part like the front of the thigh, double and even triple hairs occasionally 
occur, apparently growing either from the same bulb or from bulbs in 
such close contact as to be, as far as movement is concerned, one. These 
multiple bulbs are always relatively insensitive. The third mechanism, 
whereby tactile acuity is attained, is that present on the palms of the 
hands and the soles of the feet. Here the skin is not hairy, and the 
epidermis is not thin, but is traversed by a series of concentric furrows 
apparently for the purpose of rendering it flexible without impairing its 
resistiveness to injury. That the sensitiveness of the skin of the hand 
depends on the flexibility of the epidermis is shown by the marked 
effect of thickening of the latter in diminishing sensory acuity. 

One of the most important reasons why the essential nature of the 
physical processes which originate afferent impressions call for elucida- 
tion is that without such knowledge we are completely unable to 
conceive what is the mechanism underlying a hypowsthesia, and this 
need should always be kept in view in considering any hypothesis 
which purports to explain the nature of cutaneous sensibility. This 
requirement seems to be to some extent met in the views we have put 
forward concerning the mechanism of touch. It may be supposed 
that the sensitiveness of the hair bulb is dependent on the number 
of nerve fibrils going to it and possibly also on their reaching it in 
different directions, so that the maximal neural disturbance shall be 
produced by movement of the hair. Suppose now the number of 
fibrils conveying impulses away from a given hair situated in a region 
where the supply of two nerves overlaps, be considerabl¥ reduced by 
division of one of the nerve trunks, it is clear that the normal amount 
of neural disturbance can only be produced by a greater movement of 
the hair than is usually necessary ; that is to say the hair bulb must 
be more firmly pressed on for a touch impulse to be originated, or in 


a 
— 3 
1 
2 
f 
N. 
i 
4 
2 
aa 
7 
7 
Ph 
5 
Sel 
7 
* 
@ 
N 
* 
* 
? 
7 7 
9 
ba 
re 
E 
4 


220 W. TROTTER AND H. M. DAVIES. 


terms of sensibility the threshold of the touch spot is raised. It would 
seem that it is only the swing of the bulb away from the surface which 
is efficient, consequently when a von Frey hair has been used which 
produces the maximum swing, the strength of stimulation to the 
touch spot is not increased by using a heavier pressure. This view 
corresponds with the results we have obtained on hypossthetic areas. 
Testing from the periphery towards the centre we have found that if a 
hair which exercises a pressure of about 3000 milligrammes does not 
elicit sensations of touch, in general no further increase in the strength 
of the stimulus will do so. 3 

The fundamental problems of thermal sensibility seem always to 
have been particularly difficult and confusing, so that it is not 
surprising that much which has been written about them has added to, 
rather than elucidated, the complication. Moreover, in the mere 
description of facts it is so easy with the best of intentions to be 
ambiguous, that it is not always possible even to apply the facts 
already recorded. Of the two principal troubles in description we 
have met with, one has been to know whether when the observer has 
said the subject could appreciate hot or cold stimuli as the case might 
be, the sensation experienced was what would have been felt on normal 
skin, or merely some member or other of the hot or cold series re- 
spectively. Some of this difficulty is due to the fact that we have 
no word to describe the general qualitative tone of a thermal sensation, 
apart from the name of some actual thermal sensation. It would be 
much more satisfactory in descriptive work if the terms positive and 
negative were used for the two thermal series of stimuli and sensations 
according to their relation to the temperature of the skin for the 
stimuli and to indifference for the sensations, so that the terms heat 
and cold might be altogether avoided in this connection. When we 
are told that a subject could appreciate heat the intention of the author 
is left undetermined: we do not know whether he means to tell us 
that the maximum sensation of the positive series was experienced, or 
merely that sensations were experienced which possessed the general 
tone of the positive series. The statement that the subject could 
appreciate positive temperature does not give us the idea that the 
author may wish to convey anything more than that temperatures 
above that of the skin were appreciable. We feel justified in labouring 
this point because as we have already repeatedly said the response to 
a thermal stimulus is not complete unless it contains the statement 
not only of the series to which the sensation belongs but also of the 
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place in the series which the sensation occupies. A second ambiguity 
frequently found is due to the failure to specify what is meant by a 
subject appreciating a given temperature. For such a statement to be 
of any value we must know how often the subject was tested with this 
temperature and in what proportion of cases he responded correctly, 
and even then unless the number of tests is great and the proportion of 
correct answers very high his statement will be of little value unless it 
is corroborated by discrimination tests. Furthermore it must be 
recognised that even discrimination tests, if the stimuli are of widely 
different temperatures, may be unsatisfactory, for it is obvious that two 
temperatures may be successfully discriminated when one only of 
them gives rise to a thermal sensation. 

Our observations have not furnished us with material which throws 
much light on the more intricate parts of thermal sensibility but have 
brought before us certain aspects of the problem which do not always 
receive all the attention they deserve. In the first place there can be 
no doubt that one of the most significant features of thermal sensations 
is what we may call their relativity. They do not register temperatures 


as such or even give us direct information concerning the relation of a 


stimulus temperature to that of the skin, but measure for us the rate 
at which heat is being lost or gained. Biologically considered it is 
obviously unimportant what a temperature is in relation to the melting 
point of ice or the boiling point of water, if it is not widely different 
from that of the skin, and comparatively unimportant what the 
temperature of an object is if the latter does not possess such a 
conductivity and specific heat as to cause rapid gain or loss of heat. 
Thus it is clear that the first factor in the physical basis of sensation 
is the loss or gain of heat by the skin and not mere temperature. The 
positive and negative series of thermal sensations both begin in a 
sensation which is scarcely distinguishable from indifference, they then 
pass through a range in which they become more and more unlike one 
another until the.maximum sensations of heat and cold are reached. 
Supposing now the stimulus temperature is made still more different 
from that of the skin the sensations change in an interesting way: the 
element of heat or cold becomes less distinct and is accompanied by a 
sensation which everyone who experiences it agrees to call burning. If 
the thermal difference is still further increased, the sensation becomes 
purely burning and loses all true temperature quality. Further 
intensification of the stimulus produces pure pain of a pricking character 
and quite indistinguishable from that produced by a needle. We 
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have thus the interesting fact that the two series begin by being 
indistinguishable where they are subminimal and end by being 
indistinguishable where they are supramaximal. There is this difference, 
however, between the subminimal and the supramaximal sensations 
that the supramaximal is recognised by everyone as due to a thermal 
stimulus although acknowledged to contain no true thermal element. 
The ‘burning’ sensation of extreme cold is well known although not so 
commonly experienced as that of extreme heat. The fact that very 
rapid heat change produces the same sensation whether the stimulus 


belongs to the positive or negative series suggests that the basis of the 


thermal impulse is of physical rather than chemical origin, at any rate 
for extreme temperatures. This view is supported by the fact that the 
effective stimulus is heat change rather than temperature—a fact within 
general experience and recognised by common knowledge. 

Our observations have not yielded results capable of modifying or 
enlarging such views as are at present current concerning the peripheral 
mechanism of pain sensations, so that it is unnecessary for us to enter 
here upon that subject. 


On the constitution and distribution of the cutaneous nerves. 


Each cutaneous nerve we have divided has proved to contain fibres 
concerned with at least seven different functions, four transmitting 
afferent impulses, namely those of touch, cold, heat, pain; and three 
transmitting efferent impulses, namely vaso-motor, pilo-motor, sudo- 


motor. The extent to which the estimation of pressure is a function of 


the sensory mechanisms of the skin seems to us still to be an open 
question, so that we have not included it amongst the list of the 
functions certainly cutaneous. In a general way there seems to be no 
doubt that the estimation of pressure is in the main carried out by 
structures deeper than those which subserve touch and probably largely 
subcutaneous. There is, however, much evidence that pressure sensations 
can be originated in the skin. The two chief facts favouring this view 
are first, that distinct pressure sensations are not infrequently experienced 
during the investigation of a hypomsthetic area with von Frey hairs 
which are certainly too weak to stimulate subcutaneous nerve endings ; 
secondly, if the area of change following the section of a large cutaneous 
nerve be investigated with von Frey hairs from the periphery towards 
the centre, a zone is reached, usually with a hair of about 3000 milli- 
grammes, within which no sensations of touch are felt. If a heavier 
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hair is used and the examination is continued centripetally, pressure 
sensations only are experienced through another zone, inside which 
again a still heavier hair excites no sensation whatever (Fig. 29). This 
last observation raises the question of the distribution in depth of 
cutaneous nerves. It seems generally to be assumed that such nerves 
are more or less limited to the skin and immediately adjacent parts, but 
that their distribution in depth varies considerably is shown by the fact 
that the larger the area of the nerve the more profound is the anesthesia 
at the centre of it; and in some cases, such as the internal saphenous, 
the subject may be absolutely unconscious of any stimulation whatever 
applied over the centre of the area. Here again, as with pain, there 
seems to be no natural boundary between the skin and subcutaneous 
parts. While it is possible to investigate the problem on hypomsthetic 
areas with stimuli too light to reach beyond the skin, it is unfortunate 
that the sensations of pressure produced by such stimuli are so vague 
and baffling as to be of very little value. 

Section of the nerve trunk produces an area of loss of function 
implicating all the seven kinds of nerve mechanism. For six of these 
it can be made out definitely that there is a central area where the loss 
is complete and a surrounding zone where the loss is incomplete. The 
changes produced on vaso-motor function though undoubtedly paralytic 
in nature are shown by such unobtrusive signs that it is not possible to 
say whether this distribution in complete and partial losses occurs in 
this case, as it certainly does with the other motor activities of the 
nerve. The various areas of loss although they do not coincide for the 
various functions do, in a rough way, correspond. We may take it, 
therefore, that each kind of fibre in the nerve is distributed independently 


of the others but approximately conforming to a general type, so that 
each will supply the central area completely and the surrounding zone 


incompletely, and the outlines obtained for the various losses 

and complete will correspond fairly closely in size, but less closely in 
shape. The fact that areas of complete and incomplete loss of pilo- 
motor and sudo-motor function are found, forms a valuable and perfectly 
objective piece of evidence confirming the view that the other functions 
are distributed in the same way. All these losses can be mapped out 
and measured with considerable precision and there can be no doubt 
that the arrangement of them is directly dependent on the mode of 
distribution of the nerve. There is, however, another change the 
significance of which is much more obscure. As we have already said 
in the descriptive part of this paper, every area of sensory loss is 
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The spots marked were touch spots which reacted to a hair of 280 mgs. pressure, 
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surrounded by a wide zone which we have called the zone of minimal 


hyposthesia where there is a change which, though very easily 
recognisable qualitatively, is very difficult to measure. The outline 
as marked by stroking touch is usually easy to find, but whether this 
is the case or not it is always strikingly constant. The meaning of 
this change is extremely obscure, We have made many observations 
which seem to show that it is a slight tactile hypossthesia but we are 
not prepared to say that this evidence is conclusive, or to deny that 
the name zone of minimal hypomsthesia embodies a certain element 
of hypothesis. The outstanding and unquestionable fact is that the 
region is the seat of a qualitative change. The existence of it seems 
to indicate that apart from the overlapping of nerve distribution which 
leads to the appearance of the ordinary zone of hypoesthesia surrounding 
the anesthesia, there is another kind of overlapping much more 
extensive and much more complete. 

The most interesting problem presented by the results of nerve 
section before the occurrence of regeneration, is concerned with the 
appearance of hyperalgesia. The main facts about this are fairly 
straightforward. It first appears from ten to twelve days after the 
operation and disappears in six or seven weeks, as a rule therefore well 
before recovery of sensation has begun. At first it is somewhat diffuse, 
for the most part lying between the outlines of hyposesthesia and 
anesthesia, but it may in places extend outside the former and inside 
the latter, and shows a striking tendency not to correspond with the 
outline of any sensory or motor loss. The hyperalgesia is always most 
acute in the neighbourhood of the more obvious veins and as it clears 
up it becomes more and more limited to these regions. The more we 
have seen of this condition the more impressed we are by the fact that 
its distribution is totally unlike that of any other effect of nerve section. 
Nevertheless it is undoubtedly dependent upon the latter. It occurs 


in the region affected by this and never extends above the point of 


division of the nerve. In some cases we have thought that the most 
tender veins were a little thickened, but we are not by any means sure 
of this. The whole aspect of the phenomenon suggests strongly that 
it is a secondary process due to the presence of some irritating substance 
produced as the result of the division and degeneration of the nerve. 
As is well known to anyone who has operated much under local 
anssthesia the vessels are extremely sensitive and very often they are 
the only structures in an imperfectly infiltrated area injury to which 


. causes pain. Again the subcutaneous veins are known to be frequently 
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accompanied for considerable distances by nerve twigs, so that supposing 
they were subject to irritation they might very well be tender in the 
neighbourhood of or even within an area the superficial sensibility of 
which had been lost. It is a familiar clinical fact that very slight 
grades of phlebitis produce not so much pain as hyperalgesia of the 
veins, Such a vein responds to the lightest touch with an outburst of 
pain which tends to fade and return repeatedly for several minutes. 
If then an irritating substance were produced in the skin during the 
degeneration of the nerve, one of its effects might very well be the 
production of hyperalgesia obviously connected with the veins. There 
is abundant evidence that toxic substances are produced during the 
degeneration of nerve fibres: such substances must tend to be localised 
in the affected region by the vaso-motor paralysis we have shown to 
follow a nerve section, and there is enough discrepancy between the 
distribution of the hyperalgesia and the distribution of the sensory and 
motor losses to suggest that the former is produced by a substance 
originating in the degenerating nerve and escaping only slowly from 
the affected region. Again, if the hyperalgesia is produced in the way 
we are suggesting here, it would follow as a corollary that when a nerve 
was divided in such a way that degeneration could not occur, hyper- 
algesia would not develop. That is to say, section of a nerve anywhere 
distal to the spinal ganglion might lead to hyperalgesia but section of 
a posterior root would not. Now we have it on the authority of Head 
that division of posterior roots does not produce the hyperalgesia which 
follows division of a peripheral nerve or, as he puts it, after a section 
of posterior roots the protopathic loss is equal to or is greater than the 


epieritio loss. 


This hypothesis is of course advanced in a tentative way only and 
we feel that a considerable amount of experimental work must be done 
before it can be established, With this caution we may perhaps 
venture to point out one or two directions in which some such view 
would seem to throw light on certain very obscure problems of which 
the most important is that of the so-called trophic lesions. These 
mysterious conditions seem fairly readily to fall into two classes; first 
the more or less obviously traumatic, such as those associated with 
pressure, with analgesia, with circulatory disturbances, and secondly 
the apparently spontaneous, such as herpetic eruptions, and the formation 
of bulla and of acute ulcers, This second class it is in which the very 
lesions themselves seem strongly to suggest that they are due to the 
presence locally within the skin of some irritant substance. It is 
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lesions N confined to the earlier period following the nerve section and 
that when regeneration is well started, at a time, that is to say, when 
all evidences of local irritation have disappeared, this liability ceases. 


io to notice that according to Head the liability to these 


On the sensory peculiarities of recovering areas. 

3 The most interesting fact presented by an area during recovery of 
Sensibility is the remarkable qualitative peculiarity of the sensations 
derived from it. During the first few months the state of affairs is a 
moderately stable one presenting sharply defined characteristics, Of 
the four primary sensations those of pain and of cold are intensified 
that of heat is reduced and that of touch is practically normal. This 
statement of course refers only to the sensations experienced by the 
subject and in describing the actual state of sensibility in the part it 
will be necessary to add that there seems to be true hypersensitiveness 
to pain, this sensation being produced by a weaker stimulus than on 
normal parts and being abnormally unpleasant; that to cold sensibility 
is also altered in the direction of a hypersensitiveness, so that not only 
does a sensation of icy coldness replace the sensation of normal coldness 
but the same sensation of intense cold is elicited by temperatures which 
on normal skin would have been felt as cool; that while touch when 
felt is felt as of normal intensity, it is elicited only by stimuli 
considerably above the normal threshold, and finally that the maximal 
sensation of the positive thermal series is not producible by any 
stimulus. 

Of these various modifications that of thermal sensibility seems the 
most anomalous and the significance of it is undoubtedly very obscure. 
There are some facts, however, which seem to us to throw light on it. 
In the first place, as is well known, stimulation of a normal area with 
extremes of cold or heat more than adequate to produce a normal 
maximal sensation, produces in both cases a sensation of a stinging 
burning character in which it can be recognised that there is a certain 
thermal element, although it cannot be recognised whether this thermal 
element belongs to the positive or negative series, It is clear therefore 
that this burning sensation is compound, consisting of a thermal element 
which is comparatively insignificant and an element common to the 
results of stimulation with any temperature sufficiently removed from 
that of the skin. This latter element is obviously pain and direct 
introspective study of the burning sensation readily resolves it into a 
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large pain factor and a small and vague thermal one. Now if the series 
of sensations warm, hot, burning be carefully studied introspectively, it 
will be found that the transition from hot to burning is extremely 
gradual and often difficult to distinguish, whereas that from warm to 
hot is quite abrupt and easy to recognise. This suggests that the 
sensation hot is more directly allied with burning than it is with warm. 
If this were the case it would mean that hot is 4 compound sensation 
containing in addition to the thermal element a pain factor. The 
sensation of heat is so distinctly pleasant that it seems paradoxical to 
imagine that it has any character of pain in it, but we find that it 
possesses a certain quality such as might be called brightness or sting, 
which suggests a resemblance in nature to the distinctly unpleasant 
burning. The same can be said of cold. When this sensation is well 
developed it also has an element of sting in it which cuts it off very 
distinctly from what we may call the much smoother sensation of cool. 
A study of the normal then would seem to show that for each series 
of temperatures there are two groups of sensations, one of a purely 
thermal quality, warm or cool as the case may be, and characteristically 
smooth or soft; the other a mixed quality, hot or cold, which is com- 
pounded of a large thermal element and a small pain element and thus 
comes to possess its characteristic brightness or sting. Numerous 
grades of both qualities are distinguishable but the transition is abrupt 
between the two groups. The range of temperatures capable of 
producing the sensation of cold is very much greater than the range 
capable of producing sensations of heat. The former is at least 40 
degrees centigrade and the latter 10 or 15. It is obvious therefore 
that intensification of a cold stimulus adds to the compound sensation 
less pain for equal thermometric increments than does intensification of 
a heat stimulus. | 
According to such a view the changes found in a recovering area 
would be explained by the hypersensitiveness to pain which is known 
to exist there. The intensification of cold is possible because increase 
of the stimulus adds very little to the pain factor and the series being a 
long one, even with the hypersensitiveness to pain a considerable range 


of cold sensations is possible before the burning sensation is reached. 


That the pain factor is present in excess is shown by the fact that the 
burning sensation can be elicited with temperatures above 0° C. if a 
large area be stimulated, and by the fact that temperatures which 
normally should produce coolness now produce only sensations containing 
a distinct sting of cold. In the positive series the result is different 
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because the thermometric range capable of causing sensations of heat is so 
much shorter; here the sensation of true heat is replaced by burning or 
even by pure pain. It is very 
striking how close is the corre- 
spondence between the subsidence 
of hypersensitiveness to pain and 
the reappearance of sensibility to 
heat in its normal form. The close 
association between sensibility to 
pain and to temperature demanded 
by this hypothesis is confirmed by 
many facts of observation of which 
we may mention the great fre- 
quency with which these two forms 
of sensibility are lost together. As 
we have already said we have 
several times observed the exist- 
ence of areas which were analgesic 
and thermo-anzsthetic but sensi- 
tive to touch; we have not observed 
any definite and sharply marked 
areas where there was a dissocia- 
tion of sensibility to pain and 
sensibility to temperature. 

The accompanying scheme em- 
bodies the view we have expressed. 
as to the nature of thermal 
sensibility and illustrates the re- 
lationship to pain of the various 
sensations in a way which may 
help to make the exposition less 
obscure. 

The top line contains the 
names of the various sensations 
which may be experienced. The 
bottom line gives the result of 
careful introspective analysis of 
these sensations. In the middle 
part are given the constituents of 
these, an attempt being made to 


Warm Hot Sting Pain 


Indifferent 
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Indifferent 
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show in a very rough way the proportions in which the different factors 
are present. We do not of course mean to imply that, for example, 
the sensation of icy coldness contains twice as much pain as that of 
coldness or two-thirds the pain of the sting of extreme cold. What we i 
desire to show rather is that the change from “cold” to “icy” or from 
“icy” to “sting” is due in each case to the addition of a pain factor. i 
We have attempted also to bring out the fact that the “cold” series 
is longer than the “hot” series. 

The view that the sensation “hot” is compound is by no means new. 
According to Alrutz™ in agreement with whom is von Frey, the 
sensation depends on the simultaneous excitation of thermal spots of the 
two kinds, namely those sensitive to warmth and those sensitive to cold. 
This view was suggested by a phenomenon originally observed by von 
Frey and called by him “paradoxical cold.” The cold spots were found 
by him to be excitable by many stimuli other than cold; among such 
stimuli are temperatures of 45° C. and upwards, that is temperatures 
which when applied to the skin in the ordinary way arouse the sensation 
“hot.” Now when cold and warmth spots are stimulated in conjunction 
as they are by the application of hot objects, the cold spots must be 
regarded as yielding their characteristic form of response no less than 
the warmth spots, It is this contribution of the cold spots which gives 
to the resulting sensation its characteristic quality of “hot.” So far 
there was considerable prima facie evidence in favour of the hypothesi< 
ultimately enunciated by Alrutz, who at the same time brought forward 
two further weighty arguments. These were, first the observation that 
on parts of the skin which are insensitive to cold, heat stimuli however 
strong produce no sensation “hot” but sensations of warmth and of pain 
only; and secondly the further observation that on parts of the skin 
acutely sensitive to cold but feebly sensitive to warmth the sensation 
“hot” can be produced but no sensation of intense warmth. 

This attractive and ingenious hypothesis, though supported by very 
strong evidence derived from examination of the normal, does not seem to 
us to be capable of assimilating all the facts derivable from examination 
of hypowsthetic and recovering areas. A complete discussion of the 
question is not possible for us here and is not altogether within the ; 
scope of this paper. A few comments may however be made. First we : 
would say, we have not found “paradoxical cold” to be so constant and 
definite a phenomenon as Alrutz seems to find it; secondly, the 
hypothesis of Alrutz furnishes no explanation of the close resemblance 
and ultimate complete identity of the supernormal sensations of the 
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positive and negative series, that is to say of the “sting” and burning 
sensations which result from stimulation with extreme degrees of heat 
or cold; thirdly it does uot explain the fact that the sensation cold 
differs from the sensation “cool” by just the same abrupt addition of 
brightness or sting as the sensation hot differs from the sensation 
“warm”; finally that during recovery a condition occurs in which there 
are present acute sensibility to cold and sensibility to warmth, that is to 
say a condition in which exist all the factors necessary, according to 
Alrutz, for the production of the sensation “hot” and yet this sensation 
cannot be produced. 

If these views are to be 1 the highly anomalous condition of 
sensibility found during regeneration would be shown to be in fact much 
less discordant with the rest of our knowledge than it appears at first 
sight to be. The unusual features will be accounted for by the presence 
of hypersensitiveness to pain. What this hypersensitiveness is due to 
is a problem upon which our observations have thrown no light. We 


have already given a good deal of evidence for supposing that the 


hypothesis advanced by Head cannot be sustained. We will point out 
again that while sensibility to pain becomes very well marked before 
sensibility to touch has regained its normal acuity, yet the latter form 
of sensibility is always the first to be recognisable in a recovering area. 
The hyperalgesia persists in a marked form for many months and then 
begins to decline. This diminution is gradual and is accompanied by 
the reappearance step by step of normal sensibility to heat. 

As we have said we have no explanation to offer of the hyperalgesia 
of recovery, but the facts that we possess concerning it seem to be 
consistent with the view that it depends on some condition of the 
recovering nerve or nerve ending which is only very slowly restored to 
the normal. 

The second great problem offered by the facts of regeneration is that 
of referred sensation. Most of the facts are very definite and easily 
observed. Reference of sensations is the earliest phenomenon and 
almost the last evidence of abnormality in a recovering area. As far as 
we have observed the direction of the reference is always longitudinal 
in the limbs. It can always be obtained not only from recovering areas 
but also from the nerve trunk outside the area as far up as the point of 
section, but never from the nerve trunk above the point of section. In 
this connection it should be noted that there is a marked difference 
between sensitiveness to stimulation of the nerve above the point of 
section and of the nerve below; not only is the latter much more 
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sensitive but it seems to possess specific sensibility, for when it is 
- stimulated appropriately, peripherally referred sensations of touch, pain 
and of cold can be produced. In the limbs peripheral reference is 
always a much more striking phenomenon and more extensively 
developed than is proximal reference. The region to which sensations 
are referred is always near but not necessarily at the peripheral apex of 
the anesthesia, and if the nerve has been faradised before section the 
point of reference can be exactly foretold before regeneration has begun. 
Proximal reference is much less extensively developed. It is felt most 
commonly at the point of nerve section but sometimes in the neighbour- 
hood of the proximal margin of the formerly anesthetic area. The 
referred sensation, peripheral or proximal, has all the qualitative 
peculiarities which we have described as being characteristic of 
recovering areas, and is accompanied by the same desire on the part of 
the subject to rub or scratch the part in which the sensation is felt, in 
this case not the part stimulated. Such are the facts of reference as it 
occurs in the limbs. 
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Lit. 


Fig, 32. Fig, 38. 


Figs. 30, 31, 82, 88. Analysis of diametrie reference in area of great suricular nerve, 
section, 


9 months after 

A very slight 
hypossthesia was detectable with stimulus intensities below the normal threshold. 
Qualitative abnormality was still present but much less marked than it had been. 

Hyperalgesia of recovery had disappeared. 

The sensation hot was obtainable, The sensation cold no longer showed 
intensification. 

The original maximal outline of change could still be marked out by stroking touch. 

The reference phenomenon was still strongly marked. 

It was found that reference occurred only to four relatively small, precisely 
localisable spots and that reference to each spot was produced only by stimulation 
of a certain area, All the areas had definite outlines though there was a certain 
amount of overlapping. The stimulus used was a stroking touch. 

In each of the figures one of the four spots of reference is shown and the corre- 
sponding area from which the sensation was referred. 

The shaded area denotes the area from which the sensation was referred. 

The solid area denotes the spot in which the referred sensation was felt. 

It will be noticed that the solid area is always considerably smaller than the 
shaded, 

It is interesting to note that 10 months later still (19 months after section of the 
nerve) all four varieties of reference were distinctly recognisable, and, as regards 
topography, unaltered. The intensity of the referred sensation was however less. 
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In the one case we have observed of a nerve not in the limbs—the 
great auricular—another kind of reference, which we have called 
diametric, occurs (Figs. 30, 31, 32, 35). No fully developed instance of 
this was found in either of the six limb nerve areas but we have some- 
times noticed a vague suggestion of it. It has always been much 
less distinct than proximal reference, and incomparably less so than 
peripheral. 

The explanation of these remarkable phenomena presents consider- 
able difficulties. There does not seem to be anything in Head’s 
hypothesis of two distinct systems of nerve fibres which throws any 
light on the subject. According to him sensations originating in the 
protopathic system are characteristically diffuse and badly localised, and 
the disappearance of these characters is due to the reappearance of 
epicritic sensibility. Now touch sensations are referred just as frequently 
as any other and with these according to him the protopathic system 
has nothing to do. Moreover, sensations which are referred are not 
diffuse and are not badly localised in the sense of being vaguely 
localised, they are in fact extremely definite and are placed by the 
subject with great precision on a spot which may be as much as a 
foot away from that stimulated. 

In a discussion of the views of Head, von Frey™ suggests that 
the sensory péculiarities of the recovering areas may be ascribed to 
changes in the central parts of the nervous mechanism consequent 
upon the section of the nerve. He refers to the changes in the spinal 
ganglia which Koester has shown to follow section of sensory nerves 
and regards these changes as evidence that there probably are cor- 
responding modifications of function in the central nervous system. 
We fully agree that this suggestion indicates a direction of enquiry 
which is only too likely to be ignored in researches upon the peripheral 
nerves, The suggestion makes it of great interest to investigate in 
certain special ways the condition of sensibility in diseases such as 
herpes zoster and tabes in which there are known to be changes in the 
spinal ganglia. The sensory peculiarities which are to be looked for 
can be very precisely: formulated, so that the presence or absence of 
them could be very readily determined. Altogether apart from the 
results of such enquiries, there are however certain facts which seem to 
us not to be very readily assimilable by von Frey’s hypothesis; of these 
perhaps the most important is the observation that the recovering 
nerve shows a peculiar sensitiveness from the point of section down- 
wards, whereas from the point of section upwards it shows no trace of 
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such sensitiveness. This seems to us strong evidence that the changes 
of sensibility present are of peripheral origin. 

As far as we are aware the only other hypothesis which has been 
advanced in explanation of the phenomenon of reference is that of 
Langley. According to this, the reference of sensation is explained by 
the supposition “that in regeneration some of the sensory nerve fibres 
make abnormal connections just as we know may occur with motor 
fibres in regeneration. The relative amount of local and of referred 
sensation would then depend on the number of nerve fibres supplying 
a given spot which had made normal and of those which had made 
abnormal connections™.” This hypothesis has the great advantage of 
simplicity and in the case of a very small area, such as that which was 
observed by Langley, would account for all the facts which could be 


observed. Observations however on larger areas such as we have used, 


yield facts which present certain difficulties. Of these the most serious 
seem to us to be the overwhelming predominance of peripheral reference, 
and the fact that from the whole of the large area which yields this 
form every referred sensation is felt in one small definitely localised spot. 
These objections obviously do not apply in the case of diametric 
reference as seen for example in the area of the great auricular nerve 
(see Figs. 30, 31, 32, 33). 

In considering the problem of reference it seems to us that there 
are certain facts not obviously related to the subject which may throw 
some light upon it in an indirect way. When à normal nerve trunk is 
stimulated with the faradic current the subject experiences a sensation 
which he localises at the spot in which, if the nerve is cut and allowed 
to regenerate, peripherally referred sensations will be felt. This 
suggests that there is some analogy between the action of a stimulus 
which produces peripheral reference and stimulation of a nerve trunk. 
Again, before and during regeneration the whole of the nerve trunk 
below the point of section is known to present certain remarkable 
anatomical changes and the nerve when it is in an accessible situation 
shows a thickening obvious to the naked eye through the skin. We 
have observed this thickening quite distinctly in four different nerves. 
Moreover all parts of the nerve trunk which are below the section and 
can be stimulated show a remarkable increase in sensitiveness and a 
direct sensibility to the three kinds of stimulus which produce referred 
sensation. These facts suggest that reference is in some way connected 
with the stimulus acting through some abnormal mechanism upon the 
nerve fibre. Some confirmation of this view is provided by the fact that 
peripheral reference is always most intense in the neighbourhood of the 
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nerve and is distributed, even at the time of its maximal development, 
in a scattered way quite consistent with its being due to stimulation of 
twigs of the nerve. Some weight perhaps is due to the observation 
that the referred sensation is much more bulky than the local sensation 
if there is one, This seems to hint that the referred sensation is not 
simply an ordinary sensation felt in the wrong place, as might be 
expected if it were solely due to a fibre having made an abnormal 
connection, but that some mechanism has come into action whereby the 
effect of the stimulus has been magnified. The evidence therefore 
seems to be tending in the direction of the view that both the qualitative 
peculiarities of sensation during recovery and the phenomena of 
reference, the two great characteristics of sensibility in a recovering 
area, are related to some special feature in the circumstances of the 
regenerating nerve fibres which renders these latter abnormally accessible 
to stimuli. | 45 

We may add that we do not regard these speculations as in any way 


inoompatible with the acceptance of the hypothesis of Langley. We 


are inclined to regard them as complementary to it, for a not inconsider- 
able experience in the investigation of the phenomena under discussion 
seems to us to show that without some amplification this hypothesis 
does not completely deal with all the facts. 


SUMMARY. 


1. The material for this paper was obtained by the division in one 
or other of us of seven cutaneous nerves, 

2. In each case the area of skin supplied by the nerve showed in 
consequence of the operation defects in seven distinct functions: four 
sensory, namely sensibility to touch, cold, heat, pain; and three motor, 
namely vaso-motor, pilo-motor, sudo-motor. 

3. In each case the sensory changes showed a central area 
of profound loss; an area of moderate extent surrounding this of 
partial loss; and a large area in which a qualitative change could be 
detected. 

4, The loss of motor function showed a central area of profound loss 
and a surrounding area of partial loss. 

5. The seven areas corresponded on the whole fairly closely but no 
two of them coincided absolutely, 

6, During a certain period following the nerve section, from about 
the ‘second to the sixth week, hyperalgesia may appear. The characters 
of it point to its being a complication due to the presence of an 
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irritative change rather than to its being due to any kind of sensory 
loss. 

7. Sensibility to touch is subserved by a nervous mechanism distinct 
from that of sensibility to pressure; the former occurs in the skin only, 
the latter chiefly in structures deep to the skin. It is probable, 
however, that the skin possesses some sensibility to pressure. A touch 
sensation is introspectively quite distinct from a pressure sensation. The 
touch stimulus is intimately associated with movement. 

8. Thermal sensibility is not directly concerned with the tempera- 
ture of the stimulating object. The essential quality of the thermal 
stimulus, that is, the thing measured by the thermal sensation, is the 
rapidity of thermal change. There are two pure thermal sensations, cool 
and warm. Cold and hot are probably compounds due to the addition 
of a pain factor to the pure thermal element. 

9. The skin is normally anesthetic to temperatures not widely 
different from its own., A thermo-hypoesthesia will appear as an increase 
of the intermediate anesthesia and a diminution in the intensity of such 
thermal sensations as are experienced. | 

10. After section of a nerve recovery of function occurs only 
as a result of regeneration. This applies to all the sensory func- 
tions and to the motor with the possible exception of the vaso-motor 
function. | 

11. Recovery of all the functions which are dependent on regenera- 
tion begins about the same time. 

12. The rate at which the various returning functions spread over 
the area is about equal, but the rate at which they progress towards 
normal acuity is not so. 

13. Sensations derived from a recovering area show a remarkable 
qualitative peculiarity. Cold, pain and the pain element of heat 
are intensified, but touch is little changed, though more difficult to 
elicit. 

14. A large number of sensations elicited from a recovering area 
are referred to distant parts of the area or to the point of the nerve 
section. The referred sensation may be felt alone or combined with a 
local sensation. 

15. During regeneration stimulation of the nerve trunk below the 
section produces peripherally referred sensations of cold, pain or touch 
according to the stimulus, even when the nerve is stimulated outside 
the formerly anesthetic area. 

16. Peripheral reference is the earliest phenomenon of recovery and 
the last sign of abnormality. 
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APPENDIX I. 3 


Quantitative examination of areas of minimal hypoesthesia. 

We have selected the following tables to show the results of actual examinations on a 
number of touch spots chosen at random inside and outside the line dividing minimal 
hypowsthesia from normal skin. As will be seen, there is a slight tendency for the results 
to be worse inside the line than outside. Many other similar observations have yielded 
corresponding results, the slightness of the change quantitatively being always in striking 
contrast with its constancy and definiteness qualitatively. 


TABLE I. 

Results of the examination of 8 hair-bulbs; 4 internal and 4 external to 
the stroking outline on the anterior aspect of the area of one internal 
saphenous nerve. : 

„ o m 8 : 4 

Bulbs external to 27 3 
stroking outline 2. 0 R 
3. 0 1 
Bulbs internal to 5. 0 0 1? 1 1 bes 
stroking outline 6. 0 0 
7. 0 0 


STROKING OUTLINE 
INTERNAL < —» EXTERNAL 


With von Frey hair of 10 milligrammes pressure the hair of bulb 5 gave a distinct 
sensation. The response of the other hairs was very doubtful. 

With von Frey hair of 22 milligrammes pressure the hairs of bulbs 1 to 5 inclusive 
gave a distinct sensation. The response from the other hairs was again doubtful. 


* 
a 
4 
i 7 
A 
all 
7 
1 
7 
2 
i 
* 
— 
> 
4 
4 eve 
— . 
€ 
7 
7 
* = 
88 ay 


INNERVATION OF THE SKIN. 239 


TABLE IL 


Results of the examination of 16 hair-bulbs ; 8 internal and 8 external to 
Quiline on the of one middle cutaneous nerve 


of the thigh. 
10 22 “0 70 16 « 
Bulbs external to 1. 0 07 1 1 > 
stroking outline . 0 0? 1? 1 18 0 * * 
8. 0 1 1 1 
4. 0? 1 1 1 5 
13 * 
8. 0 1? 1 1 
6. 0 1? 1 1 120 2 
7. 0 11 1 1 n. 7 
8. 0? 1 1 1 be 
10 * 2 
Bulbs internal to 9. 0? 0? 1 1 j 
stroking outline 10. 0 1? 1 1 9° 
11. 1 1 
‘ 12. 0 1? 1 1 4 
18. 0 0? 1 1 
14. 0 1? 0 1 
15. 0 1? 1? 1 ; 
16. 0 0 1 1 STROMING OUTLINE 


INTERNAL EXTERNAL 


With von Frey hair of 10 milligrammes pressure the hairs themselves of the bulbs 
reacted both inside and outside the stroking outline, but not constantly. 

With von Frey hair of 22 milligrammes pressure the hairs of bulbs 1 to 8 inclusive 
gave a definite sensation. Those of 10, 11, 18 and 16 a vague tickle. 

With von Frey hair of 40 milligrammes pressure the hairs of bulbs 1 to 18 gave a 
distinct sensation, the other three giving only a vague tickle. 


With von Frey hair of 70 milligrammes pressure the whole of the skin reacted 
independently of the bulbs. 
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TABLE V. 


* 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
4 
4 
1 
5 
2 
0 
0 
2 
6 
4 
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between temperatures: — 0 C. & 10° C. 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 


Spot No. 7 
Spot No. 8 


amor co 00 8S 
wae ce a — 60 q 
OO OO MO SS SOMOS 12S OH HO 
pasuson Or On COO COC CSO AS Ar oF * 
HO 
Dr 
OO AS COM Hm OS ASO 
| 
7 
oe 
8 8 8 8 
4% A GB 
2 W W @ @ J 


246 . TROTTER AND H. M. DAVIES. 
REFERENCES. 
(1) Head, Henry and Sherren, J. Brain, XXIX. p. 211. 1905. 
(2) Davies, H. Morriston. Brain, xxx. 1907. 
(8) von Frey, Max. Ber. ü. d. Verhl. d. Sachs. Gesells. d. Wiss. zu Leipzig, ox1. 
p. 290. 1894. 
(4) von Frey, Max. Loo. cit. p. 292. 
(5) Trotter, Wilfred and Davies, H. Morriston. Rev. of Neur. and Psch. 
Oct. 1907. 
(6) Elliott, T. R. This Journal, xxxm. 1905. 
(7) Head, Henry, in conjunction with Rivers, W. H. R. and Sherren, J. Brain, 
XXVII. 1906. 
(8) Head, H. and Sherren, J. Brain, Xun. 1905. 
(9) Head, Rivers and Sherren. Op. cit. p. 102. 
(10) Head, H. and Thompson, T. Brain, XXII. p. 576. 1906. 
(11) Murray, Elsie. The Amer. Journ. of Psych. xxx. 1906. 
(12) Langley, J. N. Proc. Physiol. Soc, p. xlv. 1907. (This Journal, XXX.) 
(18) Head and Thompson. Op. eit. p. 583. 
(14) Head and Sherren. Op. cit. p. 142. 5 
(15) von Frey, Max. Ber. ü. d. Verhl. d. Sachs. Gesells. d. Wiss. zu Leipzig, 
u. 1895. 
(16) Head, Rivers and Sherren. Op. cit, p. 107. 
(17) Head, Rivers and Sherren. Loe. cit. p. 108. 
(18) Ramstrém,M. Mitteil. a. d. Grenzgebiet. d. Med. und Chir. vun. 1907. 
(19) Goldscheider, A. Gesamm. Abhandl. Physiologie der Hautsinnesnerven, 


Leipzig, Barth. 1898. 


(20) 
(21) 


Alrutz,Sydney. Zeitsch. f. Psychol. 1908. 
von Frey, Max. Journ. Amer. Med. Assoc. Lyn. 1908. 


* 
7 
fa 
* 
= 
x 
i, 
* 
* 
5 
Wy 
— ad 
. 
7 1 


JOURN. PHYSIOL. VOL. XXX VII. PL. 4 


Fig. 3. Antero-external aspect of left thigh to show area of anwsthesia to the camel’s 
hair brush produced by section of the outer branch of the middle cutaneous nerve. 
The scar of the wound through which the nerve was divided can be seen above. . 

Fig. 14. Antero-external aspect of right thigh. 

Showing area of anesthesia to camel’s hair brush produced by section of outer 
branch of middle cutaneous nerve. 

The short oblique line at the top of the photograph marks the sear of the wound 
through which the nerve was divided, 

The vertical line running downwards from the scar shows the course of the nerve 
as defined with the faradic current before the operation. 

The smallness of the area of anwsthesia and the distance of it from the point of 
nerve section were in this case very striking. 
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THE TRANSFORMATIONS IN THE PHOSPHORUS 
. COMPOUNDS IN THE HEN’S EGG DURING 
DEVELOPMENT". By R. H. ADERS PLIMMER up 
F. H. SCOTT. 


(From the Physiological Laboratory, University Oollege, London.) 


In a former paper 0 we showed that phosphoproteins may be dis- 
tinguished from nucleoproteins by the action of one per cent. sodium 
hydroxide for 24 hours at 37°C. The phosphorus in the phosphoproteins 
is completely eliminated as inorganic phosphoric acid, whereas no 
phosphoric acid is separated from nucleoproteins. We further showed 
how the relative distribution of the phosphorus compounds in the tissues 
could be determined. Since it was of interest to know what trans- 
formations each class of these compounds undergo in metabolism and 
the inter-relationships of each class it was decided to first investigate 
the changes which occurred in the phosphorus compounds during the 
development of the chicken from the egg. 

Although many interesting features in the development of the 
chicken have been worked out (see summary by Graff”) yet as regards 
the transformations of the phosphorus bodies in the egg very few papers 
have appeared. Thus Parke “, in 1866, analysed the yolks after 10 
and 17 days incubation. He depended merely on different solvents to 
distinguish different kinds of fat and as he dealt only with the yolk any 
difference might only mean a transportation of certain substances to the 
chicken. He found at 10 days the yolk contained relatively less fatty 
materials than the fresh yolk or the yolk after 17 days incubation. 

Maxwell“ in 1893, who investigated the movement of the element 
phosphorus in the mineral, vegetable and animal kingdoms, studied the 
changes in the phosphorus compounds in the development of the chicken. 
As he regarded the phosphorus in the vitellin as mineral phosphoric 
acid the only figures which are of value are those of the alcohol-ether 


1 The expenses of this investigation wore defrayed by a grant from the Government 
Grant Committee of the Royal Society. 
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soluble portion, and these owing to faulty extraction are probably low. 
A disappearance of about one-half of the lecithin phosphorus was 
observed, and this furnished the mineral phosphate for the bone of 
the chicken; at a later stage the mineral phosphate was found to be 
converted into lecithin. Lecithin in fact according to Maxwell is the 
medium for the conversion of mineral into organic phosphorus and vice 
versa. An increase in the amount of inorganic phosphate at the expense 
of the lecithin phosphorus has recently been found by Carpiaux “, 
who also regarded the vitellin phosphorus as inorganic phosphoric acid. 

The only other place where a similar study has been made with 
regard to the phosphorus transformations in the animal body is that in 
the salmon by Miescher™ and by Paton “. Paton investigated the 
phosphorus transformation more in detail than Miescher and believed his 
results showed that inorganic phosphate left the tissues (muscles) and 
was converted into organic compounds in the ovary. There are two 
objections to the interpretation of his results. The first is that only the 
muscle was analysed for phosphorus while the organic phosphorus might 
have come from other organs; and the second is that all the phosphorus 
in the acid extract was considered as inorganic. This latter is now 
known to be incorrect. The other investigations of phosphorus 
metabolism, we have been able to find, have been feeding experiments 
where on a particular diet so much phosphorus has been retained or 
lost. 

As no methods at present exist for separating the various phosphorus- 
containing bodies in the tissues from one another one must be content 
with a group classification. The classification we have adopted is as 
follows :— 

1. Inorganic phosphates, soluble in water and acids. 

2. Organic phosphorus compounds, soluble in acid and water. This 
group would include such nucleic acid-like bodies as guanylie acid, 
inosinic acid, phosphocarnic acid, free glycerophosphoric acid if present 
and other less known bodies. 7 

3. Compounds such as lecithin or kephalin soluble in ether. 

4. Compounds of nucleic acid insoluble in water. 

5. Phosphoproteins. 

The following method was used in making the different extracts. 
The egg was weighed and the contents broken into alcohol, where it 
remained till required. In the case of incubated eggs the chicken was 
cut into fine pieces and ground after it had been in the alcohol. The 
alcohol was then heated and the contents poured into a linen bag and 
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extracted with fresh alcohol and ether in the apparatus described in 
the previous paper, where the whole process of making the extracts is 
given more in detail. It was next extracted with acid (1°/, HCl) and 
then with water; about 6—7 extractions with acid and the same number 
with water were given. Finally they were re-extracted with alcohol 
and ether. These several extracts, viz. (1) original alcohol + water from 
the egg, (2) alcohol, (3) ether, (4) acid, (5) water, (6) water + alcohol, 
(7) alcohol, (8) ether, are treated so that only an ethereal and an 
aqueous + acid solution are obtained. This is accomplished as follows. 
Extracts 1, 2 and 3 are evaporated to dryness and the residue is 
extracted repeatedly with ether, and the ether filtered into a measuring 
flask. The residue left after the ether extraction is treated with water 
in which it is soluble except for some small pieces of coagulated protein. 
This water extract is filtered into a flask into which extracts 4 and 5 
are also filtered. Extract 6 is neutralised with ammonia if acid and 
evaporated to dryness as are also extracts 7 and 8. The dry residue is 
treated with ether and then with water and these extracts are added to 
the other ether and water extracts. The several extracts are then-made 
to a definite volume and examined as below. The dry protein residue 
together with the bag used for extraction and the filter papers with 
adherent protein is treated with 1°/, sodium hydrate at 37°C. for 24 
to 48 hours. The protein is thus dissolved and the phosphoprotein 


_ phosphorus converted into inorganic phosphate. The fluid is decanted 


and the bag and papers washed with more of the alkali until all the 
absorbed protein is removed, and after cooling it is made up to a definite 
volume. In the case of chickens all but the feathers and a little 
connective tissue pass into solution. 

In these extracts the organic and inorganic phosphate is then 
determined. The total phosphate is determined by the modified 
Neumann method of Plimmer and Bayliss. The inorganic is 
precipitated by ammonia and magnesium citrate, and estimated as 
magnesium pyrophosphate. The difference between these two numbers 
gives the amount of organically bound phosphorus. 

In order to test if much material was lost in the numerous 
extractions and manipulations the following control was made :— 

An egg (wt. 46-2 grms., contents 40°2 gms.) was beaten thoroughly and diluted to 
500 ¢.c. with water. 

(A) 28 0.0. samples of the uniform emulsion were removed and oxidised for the total 
phosphorus and gave the following :— N 

25 0. c. =8°5 5 NaOH =8-5 x 1°268 = 10-778 mgms. P. O, 

Therefore total in egg = 10-778 x 20=215°56 mgms. P. O, 
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(B) 250 0.6. of the original emulsion were placed in aleohol and the different extracts 
made as above. 
The ether extract was made to 250 o.c. 


(1) 25.0.0. oxidized = 82 Neo x 1-268=6°5986 mgms. P,O,. 


Therefore total P,O, in ether soluble compounds in whole egg = 131-872 mgms. 
(2) The acid and water extracts were made to 1000 c.c. 

2 
Therefore total P,O, in acid + water soluble compounds in whole egg = 16-484 mgms. 

No inorganic phosphate could be shown in this extract. 
(8) The protein residue was treated with 1 °/, NaOH for 48 hours at 37° and made to 
1000 0. o. 
N 


100 0.0. oxidized 0.0. NaOH =2°5 x 1:268=8-17 mgms, P,0,. 


200 oxidized =; NaOH =1°8 x 1°268=1-6484 mgms. P. O, 


Therefore total P, O, in the protein of the whole egg = 63-4 mgms. 


The inorganic phosphate which would be derived from the phosphoprotein was not 
estimated in this case. 


Thus out of a total of 215°56 mgꝶms. P, O, 211°75 were recovered. 
This is 98°3°/,. The percentage distribution of the phosphorus among 
its various compounds in this egg is 


Ether soluble P, O, 613 of total 
Water „ 
Inorganic „ 
Protein „ „ 
In another case we recovered exactly the full amount of the phosphorus. 
These results show that notwithstanding the numerous steps in the 
process the method is accurate. It should also be mentioned that careful 
investigation was made to determine the length of time and number of 
extractions necessary to remove the various compounds soluble in the 
different. solvents. | 

As an average from 11 different eggs we found the ether soluble part 
contained 64°8°/, of the total phosphorus. The variations ranged from 
60˙8 to 69˙5 %. The average of five determinations of water soluble 
constituents gave 6˙2 % of the total. The variations ranged from 5°2 to 
78 /. This latter value is probably high as it is difficult to obtain this 
extract clear. The average of six determinations of vitellin phosphorus 
showed this to be 27.1 ¼ of the total, the variations being from 25-0 to 
32˙6% of the total. 
We may thus divide the phosphorus in an unincubated egg among 
the various groups as follows :— 
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Inorganic phosphate trace 

Water soluble organic phosphorus compound ... 62%, of total 
Ether soluble bodies ee .. 
Nuclein-like bodies wie 7% 


If we place the distribution of these bodies in chickens (average of 3) 
just hatched a great change will be seen to have taken place. These 
gave the following: 


Inorganic phosphate. * 60°0°/, of total 
Water soluble organic phosphorus compounds 
Ether soluble bodies .. 
Nuclein-like bodies vas 
Vitellin has disappeared _..... 


It is seen that not only has the ether soluble material given rise to 
inorganic phosphate but also that some other organic compound must 
also have given rise to inorganic phosphate. 

The following table shows the changes which occur in the phosphorus 
compounds during the incubation. The whole contents of the egg are 
taken and in all cases except that of 16 days they are the average of two 
different eggs incubated for the time indicated. The 16 day figures 
are from one egg only, as the second egg was lost. It should be 
remembered that the shell of the egg contains only a trace of inorganic 
phosphate, so that these changes represent a transformation in the 
contents of the egg. 


TABLE I. 


diferent periods of incubation. 


Inorganic 
Unincubated egg 6˙2 trace 64˙8 29-0 27 1 
After 7 days inoubation 8-2 5 64˙¹ 27˙ 23˙6 
» 1 „ ” 10-1 present 66 24 23 
„ 10 „ 70 10˙2 62°3 27% — 
„ „ 55 27°2 19˙1 51 21°8 111 
” 20 ” 52˙2 47 7 36 0 16˙1 — 
Hatched 68-6 60°0 19°83 12°0 0 


The difference between columns 1 and 2 will give the amount of phosphorus in the 
organic compounds soluble in water; and that between columns 4 and 5 the amount of 
nuclein-like bodies. 


— 4 
. 
‘ 
4, 
* 
. 
N 4 
J 
| | 
7 
*, 
* — 
é 
— 
és 


252 R. H. A. PLIMMER AND F. H. SCOTT. 


The table shows that up to the 14th or 15th day of incubation 
there is little change in the distribution of the phosphorus among its 
compounds. Owing to the number of steps in the process as well as the 
variations found in unincubated eggs little value can be placed on 
small variations in any of the tables. Before discussing the general 
trend of the table we may give two others in which at different periods 
of incubation the chicken was separated from the remaining constituents 
of the egg, and both egg and chicken analysed. 


Total PO in Ether Residual 
acid water in water solution protein Vitellin 
Unincubated egg 6-2 trace 64°8 29°0 27 1 
Residue after 14 days incubation 61-7 24˙4 18˙6 
” ” 17 ” ” 10°4 ” 68°7 20°8 158 
” ” 19 ” 14˙1 ” 60°2 25°7 162 
Hatched egg | 686 60-0 19°8 12-0 0 
TABLE III. 


Showing percentage distribution of different kinds of phosphorus in 
the chicken at different periods of incubation. 


Inorganic 
Chicken after 14 days incubation 36-0 22˙5 0 
” ” 17 ” ” 55°0 80°5 178 272 0 
” ” 19 ” 30 674 50˙3 146 180 0 
Hatched 60-0 19°38 12°0 0 


The amount of nuclein and organic phosphorus soluble in water may be calculated 
in Table I. 


Table I shows there is not much change in the ether soluble 
phosphorus until about the 16—17th day of incubation, when a very 
rapid disappearance of the ether soluble phosphorus bodies commences. 
As this time corresponds with a great increase in the amount of 
inorganic phosphate in the chicken (Table III) it is impossible to avoid 


TABLE II. 

| Showing percentage distribution of different kinds of phosphorus in the 

residue of eggs after removal of the chicken at different periods of | 
| incubation. The membranes are included in this part. These should | 
4 have been removed with the chicken. , 
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the conclusion that these glyeerophosphoric acid compounds have been 
converted into inorganic phosphate for the calcification of the bones. 

It is seen also that the vitellin has completely disappeared. From 
the amount of the inorganic phosphate in the chicken it seems that 
some of it must have come from the vitellin. It is very probable that 
some of the vitellin is converted into nucleic acid as this substance has 
increased greatly. Table II would seem to indicate that in the trans- 
formation of the vitellin it is first converted into some water soluble 
compound. Tables II and III show there is a gradual absorption of 
the protein phosphorus bodies of the yolk by the developing chicken 
before there is much change in the lecithin bodies. 

The whole work points to the conclusion that the glycerophosphoric 
acid gives rise only to inorganic phosphate in the developing chicken 
and is not transformed into any combination with protein. There is no 
evidence of a synthetic process occurring in the developing egg as 
regards the phosphorus compounds unless the probable transformation 
of the phosphoprotein into nucleoprotein be so considered. . 
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THE OPTICAL PROPERTIES OF THE CONTRACTILE 
ELEMENTS IN HELIOZOA. By DORIS L. MAC- 
KINNON, BSc., Carnegie Scholar, 1907—1908. 


On the well-known theory of Engelmann, contraction is dependent upon 
the presence of doubly-refracting particles (inotagmata), and in support 
of this theory he claims that all elements which contract in one definite 
direction, whether muscle-fibres, cilia, or Protozoan structures, are 
doubly-refracting. 

Early in last year, Vlés’ 3 a series of experiments which 
showed that the cilia of the gills of the mussel are not really doubly 
refractive, and that their apparent double refraction is simply due to the 
depolarisation of light by refraction and reflection. 

While I was at Roscoff in the spring of 1908, M. Vlés was kind 
enough to suggest that we should make together a further series of 
experiments on the same lines. Our observations were carried out on 
a variety of contractile elements described by Engelmann as doubly 
refractive. A preliminary note of our results was published in the 
Comptes rendus*, and a fuller account in the Journal of the Roy. 
Micr. Society’. While confirming the doubly-refractive power of the 
myonemes of Protozoa, we find that this is absent from the cilia of 
Protozoa and Ctenophora, from the flagella of spermatozoa, and from 
the body and undulating membrane of Trypanosoma (Spirochata) 
balbianii, the illumination of these elements between crossed nicols 
being due, as in the case of the epithelial cilia above quoted, to 
- depolarisation phenomena. 


I have recently made further observations on the axopodia of 
Heliozoa, an account of which I give here. | 

The chief method I employed was that devised by M. Vleès for his 
experiments on the cilia of the gills of the mussel. The illumination of 


1 Vies, F. Comp. rend. Acad. d. Sc. oxuvt. p. 88. 1908. 
D. L. Mackinnon and F. Vlas. Comp. rend. Acad. d. Sc. cxivi. p. 888. 1908. 
2D. L. Mackinnon and P. Viés. Journ. Roy. Mier. Soc. 1908, p. 558. 
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a depolarising body between crossed nicols varies with the refractive 
index of the surrounding medium’, When the exterior refractive index 
is exactly the same as that of the object itself, then the phenomena of 
refraction and reflection on its surface cease, and there is no longer any 
illumination. Dirgctly this condition is departed from, directly the ratio 
(refrac. index of object): (refrac. index of surrounding medium) becomes 
greater or less than unity, the depolarisation phenomena reappear, and 
they continue to increase in intensity with the increase in difference 
between the refractive indices of the object and the surrounding 
medium. Now, illumination due to genuine birefringence is subject to 
no such variation. Mount a muscle-fibre in whatsoever medium you 
will (so long, of course, as it is not one of those that actually destroy 
birefringence), and it will suffer no appreciable change in the degree of 
its illumination between crossed nicols. For our experiments, a series 
of liquids was chosen of gradually ascending refractive index, and 
such as had been proved to have no injurious effect on double-refraction ; 
and in these the objects were successively mounted and compared. 
Completer control of the results was given by making (1) a series of 
separate preparations in each one of the liquids, and comparing these 
together, and then (2) by carrying one specimen through the whole 
series of liquids in succession, first in one direction and then in the 
other, noting its condition at the different stages en route. This latter 
method of “reversible” preparations afforded an excellent check on the 
first, and precluded the possibility of the illumination’s having been 
destroyed in any case by the action of the mounting medium. 

It is necessary to point out, however, that in the record of these 
reversible preparations there is sometimes an apparent slight discrepancy 
between the estimation of the degree of illumination of the same object 
in the same liquid on the outward and on the return journey. Seeing 
that the process of changing the mounting-liquids has to be carried out 
under a cover-slip, this is scarcely to be wondered at. Almost complete 
diffusion of the new reagent and corresponding elimination of the old 
may be got by allowing longer time to the process: but, generally 
speaking, there is apt to be a little of the preceding liquid left mixed 
with the new (of higher or lower index, as the case may be). Thus the 
refractive index of the preparation-liquid may be altered by a slight 
admixture of an adjacent liquid of the series, and one may be dealing 
with a liquid whose refractive index is a little different from what it 


1 A full account of the optical phenomena of double refraction and depolarisation will 
find its place in a work by Vlies, shortly to be published. 
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would be if pure, or even from what it is at another stage in the 
progression through the liquids. 

The small ray the objects renders their reaction between crossed 
nicols so weak as to be scarcely appreciable without special aids. A 
parallel quartz plate, giving violet of the second order, inserted between 
the nicols, gives a background of reddish-violet, against which the 
polarisation-tints of the “birefringent” objects are raised to reddish- 
orange and indigo-blue. 

A quartz compensator may be substituted for the quartz plate where 
it becomes necessary to distinguish between fine degrees. 

In difficult cases, where the reaction is almost nil, the method of 
Schroder von der Kolk is useful, to help in determining whether the 
refractive index of the object is higher or lower than that of the 
surrounding medium’. 

In“ Contraktilität und Doppelbrechung (1875)* Engelmann gave 
an account of the double - refraction phenomena in the axopodia of 
Actinospherium eichhorni Ehrbg. He examined the organism as it 
floated freely in a drop of water under a magnification of 100 diameters. 
With crossed nicols he found that, while all the axopodia whose long 
axes coincided with the axes of the nicols remained dark, all those 
whose long axes approached an angle of 45° with the axes of the nicols 
appeared illuminated. On the insertion of a gypsum plate these 
diagonally directed axopodia gave polarisation-tints of weak blue to 
yellow against a dark reddish-violet ground. The axial supports of the 
axopodia gave the reaction throughout their entire length, down to the 
end of their insertion in the cortical layer of the organism. Engelmann 
concluded, therefore, that each protoplasmic ray behaved like a positive 
doubly-refracting uniaxial fibre with an optical axis parallel to the long 
axis of the fibre, and therefore, generally speaking, parallel to the 
direction of shortening. 

In his later work on “Kontraktilitit und Doppelbrechungsver- 
mögen (1907)* Engelmann states further that during retraction of 


Method of Schrader von der Kolk. The edges of a transparent object immersed in 
a liquid of different refractive index from that of the object, and illuminated by light rays 
centred on the optical axis of the microscope, appear bordered by a continuous dark zone. 
Render the illumination oblique by slipping a piece of card below the condenser, in such 
a way as to intercept half the incident ray. Then (keeping in mind the inversion of the 
image by the microscope) the object is more refractive than the surrounding liquid, if the 
dark zone appears from the side from which the diaphragm is being introduced—less 
refractive, if the dark zone comes from the side opposite to the diaphragm. 

* Th. W. Engelmann. Arch. f. ges. Physiol. XI. p. 482. 1875. 

Th. W. Engelmann. Arch. J. Anat. u. Physiol. (Physiol, Abth.), 1907, p. 25. 
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an axopodium, its doubly-refracting protoplasm becomes completely 
isotropic as it is merged with the general body-protoplasma. This is a 
point of considerable interest to Engelmann’s theory, which makes the 
first appearance of the birefringence phenomenon dependent on a 
definite parallel arrangement of the optic axes of the component 
inotagmata. 

I examined a large number of Actinosphœria, both floating freely in 
a drop of water with low magnification, and under a cover-glass with 
high magnification (n oil-immersion). In every case the illumination 
of the axopodia was quite appreciable. I also found that the whole 
body of the organism, and more particularly its outer edge, gave a 
distinct reaction,—quite apart from the very strong birefringence often 
shown by inclusions such as food-material, etc. 

The following tables show the effect of mounting the axopodia 
of Actinospherium in a series of liquids of ascending refractive index. 

1. Where the organisms are mounted separately, and the different 
stages then compared together. 


of the Liquid employed 

1-83 Water Distinct — 

1°36 Ethyl alcohol Distinct but weaker 

1°87 Glycerine + water Fainter, but still distinct — 

17 Glycerine Very faint — 

Oedar- oil Extremely faint 

1-68 Oil of cloves N. N 

1-54 Creasote Nil 

1-56 Aniseed oil Reappears very faintly — 

1-60 Oil of bitter almonds Very faint — 


166 Monobromide of naphthaline Fairly distinet 8 


2. A “reversible” preparation, where the same Actinosphœrium 
was followed through the series of liquids first in ascending, and then 
in descending, order of index. 


Ni Liquid mumination 


1°33 Water Distinct. 

1°36 Ethyl alcohol Fairly distinct. 

1-58 Oil of cloves Nil. 

1°54 Creasote Nil. 

1°56 Aniseed oil Very weak, but appreciable. 
1°66 Monobromide of naphthaline Faint, but distinct. 

1-56 Aniseed oil Fainter 

1°64 Creasote Almost nil. 

1°53 Oil of cloves Nil. 


* 
¢ 
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1°36 Ethyl alcohol Faint, but distinct. . 
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Both these experiments show the same thing, 1.¢., when the axopodia 
are surrounded by a medium of index either much lower or much 
higher than their own,—as alcohol or monobromide of naphthaline— 
their illumination is distinct, but as they enter the zone of liquids with 
indices between n=1°49 and n=1°56 the reaction becomes so faint 
as to be scarcely appreciable without the aid of delicate tests. An 
absolute minimum is reached in liquids with n=1'53 and n=1'54, 
when even these tests fail to show the slightest reaction. At this point 
the refractive index of the axopodia may be considered as equal to that 
of the surrounding medium. 

I examined the axopodia of Actinophrys sol Ehrbg. and Acanthocystis, 
but was unable to detect any reaction: the organisms were doubtless 
too small. 


CONCLUSIONS. 


In a number of cases it has been shown by M. Vlés and myself that 
contraction may take place in a definite direction in the absence of 
doubly-refracting particles. The fact must be regarded as distinctly 


adverse to the general theory of contraction put forward by Engelmann. 


I gladly avail myself of this opportunity to thank M. Vlas for ever- 
ready advice and assistance. 
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FURTHER NOTE ON ADRENALIN ISOMERS. — 
By ARTHUR R. CUSHNY. 


(From the Pharmacological Laboratory, Ne College, Loudon) 


On comparing the effects of synthetic racemic adrenalin with the 
natural levorotary base’, I found that the latter acted approximately 
twice as strongly as the former on the blood-pressure, and.I suggested 
as an explanation that the levorotary forms alone acted on the 
vessels, while the dextrorotary, which makes up half of the racemic 
body, was devoid of action. Adrenalin thus proved analogous to 
hyoscyamine and hyoscine, in which the dextrorotary form is almost 
devoid of the specific action of the natural levorotary alkaloid on the 
peripheral tissues. 

Flächer“ recently succeeded in dividing the racemic suprarenin or 
adrenalin into its two optically active components, and the Hoechst 
chemical works had the kindness to send me a sample of each of these 
for examination. My first experiments were directed to determine the 
relative action on the blood-pressure, the method being the same as 
that formerly described and the animals used being dogs and cats. 
The synthetic I-adrenalin“ was first compared with natural adrenalin 
isolated from the glands and was found to be identical with it in its 
power of raising the blood-pressure. The d-adrenalin was next com- 
pared with these and found to possess m- of their action, that is 
12—15 times as much of d-adrenalin was required to raise the blood- 
pressure to a definite degree. My former statement that the levo- 
rotary alkaloid is twice as strong as the racemic is thus shown to be 
practically correct, these later ‘experiments showing that a closer 
approximation would put the relative strengths between 24: 13 and 
30 : 16. 


1 This Journal, xxxvm. p. 180. 1908. 

2 Pharmaceutical Journal, p. 27. Jan. 9, 1909. 

under the name synthetic suprarenin,” which has hitherto been applied to the racemic 


body. 
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It is noteworthy that the action of /-hyoscyamine proved to bear 
the relation of 12: 1 to that of d-hyoscyamine, while that of /-adrenalin 
bore that of 12—15:1 to that of d-adrenalin. It is possible that in 
both cases the apparent action of the d-form may be due to the rapid 
formation of some of the levorctary alkaloid in the tissues in the course 
of racemisation. But the blood-pressure experiments with adrenalin 
did not seem to lend support to this view, for the rise in pressure 
occurred as rapidly under d-adrenalin as under the equivalent dose of 
Ladrenalin. | 

It is often tacitly assumed that the whole action of adrenalin is 
exerted on the receptive bodies at the myoneural junction of the 
sympathetic autonomic system, but it has not been demonstrated 
hitherto that it is limited to these points. In the case of the other 
alkaloids whose isomers behave analogously to adrenalin in the peri- 
phery, some organs, notably the central nervous system in mammals 
and the terminations of the motor nerves in frogs, prove exceptions to 
the general rule. Thus d-hyoscyamine and d-hyoscine act quite as 
strongly on the central nervous system as their levorotary isomers. 
It was therefore of interest to determine whether any of the organs 
showed less power of discrimination between the adrenalin isomers 
than was shown by the blood-pressure, which may be taken as the type 
of the autonomic system. For if it should prove that some symptoms 
of adrenalin action were induced by both isomers in equal quantities, it 
would suggest that the effect was not due to the typical action on the 
myoneural receptive body, but to some other organ which was incap- 
able of discriminating between the isomers. On the other hand if the 
relation between the doses required to induce a symptom proved to be 
of the same order as that observed in the blood-pressure experiments, 
there would seem to be some ground for ascribing that symptom to 
affection of the autonomic system by the alkaloid. 

The first symptom investigated on this view was the glycosuria 
following the subcutaneous injection of adrenalin. A good deal of work 
has recently appeared based on the assumption that this is the result of 
the typical action on the sympathetic, but I am not aware of any satis- 
factory evidence in support of it. 

The injections were made hypodermically in a cat, whose weight at 
the beginning of the experiment was 2500 gms. and at the end 2250 gms. 
The urine of 24 hours was collected and tested with Fehling’s solution 
in the usual way. When sugar proved to be present an interval of 
2—3 days was allowed to elapse before another injection was made, and 
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the urine was tested and found to be free from sugar for at least 24 
hours before each injection. The glycosuria never lasted more than 
24 hours after an injection. Both alkaloids used were formed syn- 
thetically and the solutions were made fresh for each injection, a 
drop of dilute acetic acid being added to dissolve them in salt solution. 


L-adrenalin D-adrenalin 
Date injected, in mg. injected, in mg. Sugar in urine 
15. 1. 0-1 — None. 
18. 1. — 0˙ mr 
19. 1. 05 — Present. 
22. 1. — 2°5 None. 
26. 1. 0°3 — Present. 
1. u. = 50 os 
8. 1. 02 — Slight reaction. 
5. u. — 3°75 Stronger „ 


The result of this experiment is that glycosuria was induced by 
0-2 mg. l-adrenalin, but not by OI mg. The active dose of d-adrenalin 
was 3°75 mg., while 2°5 mg. failed to elicit the symptom. The relative 
activity of the two isomers is therefore 12—18:1 and this experiment 
gives no reason to doubt that the glycosuria arises from some action of 
adrenalin similar to that causing the increased blood-pressure, ie. from 
action on some autonomic structure. 

The cause of death in poisoning from the subcutaneous application 
of adrenalin is still obscure, and I thought that a comparison of the 
lethal doses of the two isomers might throw some light on it. White 
rats were used for this purpose, freshly prepared solutions being injected 
into the subcutaneous tissues of the back. The symptoms were the 
same under the two alkaloids, the most marked being extreme dyspnea 
followed by muscular weakness and collapse. Sometimes death followed 
within five minutes of the injection from pulmonary edema, with froth 
oozing from the nostrils, Others died only after 4—5 hours, with 
marked dyspnea. A large proportion died within 24 hours. Some, 
which survived for 3—4 days, were not included among the fatal cases, 
as it was apparent that while adrenalin was the predisposing cause of 
death, other factors intervened. In all the fatal cases, the lungs were 
found edematous or congested and the cause of death appeared to 
be pulmonary cedema, which was sometimes immediately fatal, while in 
others it led to congestion and a form of pneumonia. The fatal dose of 
adrenalin was found to vary within wide limits, particularly in the case 
of the dextrorotary isomer. This is readily intelligible, for adrenalin 
carries its own antidote in its power of constricting the vessels locally 


4 
— 2 
8 d 
* 
* 
* 
* 
a 
7 
} 
— 


262 A. R. CUSHNY, 


and thus delaying its absorption into the general circulation. And any : 
delay in absorption may save the animal through the rapid oxidation of | 
the alkaloid. The fatal dose must thus vary inversely with the local 

action, and this is subject to so many influences that no constant lethal 

dose can be expected. The doses in the following table are calculated 

in mg. per 100 gms. body-weight of the rats and the proportion of fatalities 3 
is given for each dose. ; 


D-adrenalin L-adrenalin : 

in “Fatal within “Fatal within 

per 100 gms. weight 24 hours Not fatal 24 hours Not fatal é 
Under 1 mg. — — 1 3 8 

1—2 mgs. 1 4 5 1 | 

0 3 1 
8—12 „ 2 2 — oar ‘i 

The minimal lethal dose of /-adrenalin thus lies between 1—2 mgs. 1 
per 100 gms. body-weight in rate. That of d-adrenalin is very much 5 
higher, 8—12 mgs. having a smaller relative mortality than 1—2 mgs. ; 


of the levorotary body. The fatal doses of the two isomers thus 4 

appear to bear the same relation as the quantities necessary to induce 2 

sympathetic stimulation and these experiments, fail to suggest any 

action of adrenalin apart from the generally recognised one on the : 

myoneural receptive bodies. : 3 
The results of these experiments indicate that A 
(1) Ladrenalin acts on the blood-pressure 12—15 times as strongly 

as d-adrenalin and the doses necessary to cause glycosuria are simi- 1 


larly in the proportion 12—18 : 1. & 
(2) The minimal lethal doses appear to bear the same relation. 5 
(8) No evidence was obtained suggesting that adrenalin acts else- 
where than on the receptive substances of the sympathetic myoneural > a 
junction. 
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THE NATURAL CHANNELS OF ABSORPTION EVOK- 
ING THE CHEMICAL MECHANISM OF GASTRIC 
SECRETION. By J. S. EDKINS AND M. TWEEDY. 


(From the Physiological Laboratories of Bedford College, 
and St Bartholomew's Hospital.) 


I. Introductory. 


THE object of the following investigation was to inquire into the 
effectiveness of certain substances occurring in the course of digestion, 
as regards their power to bring about gastric secretion when their 
presence was restricted to limited parts of the alimentary canal. 

| Previous experiments by one of us had suggested that the pyloric 
end of the stomach probably furnished a channel for such absorption as 
evoked secretion for the fundus mucous membrane, by means of the 
liberation of a hormone, gastrin, from the pyloric mucous membrane. At 
that time one was unable to satisfactorily restrict the presence of food 
substances to the pyloric end of the stomach, so that it was impossible 
to put the above suggestion to the direct test. 

We were able later to devise a method which overcame these 
difficulties, which we will first describe. 


II. Method of localising food material in pyloric region. 


For the experiments, which were almost invariably performed on cats, 
a special tambour was used. A rubber balloon shaped like a pulley 
wheel had a tube about 15 cm. long communicating with its cavity and 
attached to the centre of one face (see figure). It was possible by 
compressing this to introduce it through the pylorus into the cavity 
of the stomach, the duodenum having been previously trans-sected about 
1 em. below pylorus. A ligature was introduced beneath the blood 
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vessels on the surface of the stomach and arranged to encircle the viscus 
at the commencement of the antrum pylori The tambour was 
carefully manipulated into transverse position and then inflated by the 
tube which led out through the duodenal opening. The tube was 
then clamped, the ligature tightened and thus practically with no 
interference with the circulation the pyloric and fundus portions of the 
stomach were kept separate. It was possible to introduce any liquid 
substances to be tested through a cannula tied into the pylorus and thus 
feed only the pyloric end. Independently a second cannula was 
ligatured into the cardiac opening and thus access was obtained to the 
fundus end. It may be pointed out that the operative procedure 
entirely destroyed the connection of the vagus, so that no impulses 
from higher centres could reach the mucous membrane, at any rate by 
the channels afforded by vagus fibres. There is no evidence that 
impulses affecting secretory activity reach the gastric mucous membrane 
by the sympathetic nerves; which were not extensively interfered with. 


Fig, 1. 


In a typical experiment, the animal, in the fasting state, was 
angsthetised with chloroform, and kept in that state during the whole 
course of the experiment with a mixture of chloroform and ether. The 
stomach, generally empty, was washed out with warm N.s.s. and, having 
been separated into two parts as described above, a feed-tube from a 
burette, with a pressure gauge attached was connected with the pyloric 
cannula. The pressure used was generally 10 cm. (water pressure). 
By means of the cardiac cannula a definite quantity, generally 30 c.c., of 
N. SS. was introduced into the fundus end. The changes occurring in 
this test liquid were taken to show the extent of secretion from the 
fundus mucous membrane after an interval of 1—2 hours. 

We now propose to state the results of thus restricting different 
food materials to different regions of the upper portion of the alimentary 
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(i) RESTRICTION TO PYLORIC REGION ONLY.. 


(a) Hydrochloric acid. With hydrochloric acid 2% located in 
the pyloric region and 30 cc, of 8% NaCl in the fundus we found 
that after an interval of two hours the liquid taken from the fundus 
showed a distinct acid reaction due to secretion of hydrochloric acid 
varying from 0058 to 027 %, 

(6) Dertrin. We have only two experiments with dextrin (5% ) in 
pyloric region and after an interval of one and a half hours we found 
that the fundus liquid showed hydrochloric acid secretion to the extent 
of 0076 */,—06 %. 

(e) Dewtrose. We find with dextrose (5% that a much larger 
secretion is brought about—one experiment showing in the liquid 
recovered from the fundus, after an interval of one and a half hours, in 
the 30 c.c. of salt solution introduced, as much hydrochloric acid as 
104%. The liquid also contained a large amount of pepsin. In other 
experiments with dextrose, though a considerable quantity of acid was 
secreted yet the above percentage was not reached, which was to be 
regarded, we think, as exceptionally high for dextrose. 

(d) Meat extracts and commercial peptone.- With Darby's fluid 
meat we found that a fair quantity of acid was secreted into the fundus 
liquid, amounting to 0234 % in two hours. 

With the preparation of meat extract devised by the late Prof. 
Herzen we got the most consistent results, the percentage of acid being 
from 05 % to 16 °/,. 

In order to compare the value of some of the different extracts, 
in certain cases we first placed one substance for a definite time 
in the pyloric region, and afterwards placed a second substance for a 
similar interval, the first substance being completely removed before 
the second period. It must be pointed out that there is evidence of 
exhaustion, either of the mucous membrane or the animal itself, during 
the progress of an experiment, and this indicates that the substance 
introduced for the second period is working at a comparative 
disadvantage. | 

Working in this way we allowed Herzen’s extract to succeed 
Witte’s peptone. In one experiment we got with the Witte’ period 
of an hour and a half an acid percentage 057, in the succeeding 
‘Herzen’ period we obtained 158 ¼. In another experiment the 
Witte gave about 1% and the Herzen about 13% 
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In another case we allowed dextrin 2°/, to remain in the pyloric 
region for one hour and followed it by Herzen’s extract for one hour. 
We then reverted to dextrin for a third interval of 50 minutes. In 
the first case we found the acid secreted = 058°/,, in the second stage 
it was = 062 %, in the third stage it dropped to 012 / 

All the experiments pointed to the superior power of Herzen’s 
extract over the other substances used in evoking the chemical 
secretion. 


(i) RESTRICTION TO FUNDUS AND PYLORUS CONSECUTIVELY. — 


In many cases we restricted the substance to be tested to the fundus 
region for a period of 1—2 hours. To avoid the possibility of the 
animal being exceptional and not reacting normally in each case at a 
later stage, we washed out the fundus and placed the substance to be 
tested for a further period in the pyloric region as in (i). | 
Placing 20 C.. of 2% Herzen’s extract in the fundus for one 
hour resulted in the liquid acquiring a slight acid reaction, reddening 
litmus for a brief interval but giving no permanent colour. It was 
possible that a small quantity of acid secreted was fixed by the protein, 
but the temporary reddening of the litmus showed that the colour was 
due only to CO, There was no reaction with Gtinzberg. In the second 
stage of the experiment 20 c.c. of. 8 % NaCl was placed in the fundus 
and 5 c.c. of the Herzen extract in the pylorus. After an interval of 
about 20 minutes the liquid in the fundus reacted well with Giinzberg 
and the estimated acidity was 055% HCl. This experiment, though 
abbreviated in the second stage, shows conclusively that Herzen is 
either not absorbed in the fundus or that there is no gastrin extracted 
from the fundus mucous membrane. As a matter of fact there was no 


evidence of any absorption of the Herzen, and other previous experi- 


ments show the absence of gastrin in the fundus mucous membrane. 

In another case with dextrose (5°/,) in the fundus, and at a later 
stage in the pyloric region, a similar change was shown to that in the 
Herzen experiment above. This experiment was carried on to a third 
stage and Herzen’s extract was caused to follow the stage of dextrose in 
the pyloric region, with the result that the test liquid in the fundus 
showed even more pronounced secretion with the Herzen than with the 
dextrose, in spite of the protracted nature of the experiment and the 
shorter interval during which the Herzen was allowed to work. 
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(iii) RESTRICTION TO DUODENUM. 


In the experiments with the duodenum we examined independently 
the secretion from the pyloric and fundus regions of the stomach, these 
regions being separated as when working directly with them. We 
confined our observations for the time to the meat extracts only. In all 
these cases we obtained well-marked evidence of absorption in the 
duodenum and also of secretion of acid in the fundus end of the stomach 
and alkali in the pyloric end. The liquid was continuously supplied to 
the duodenum at a pressure of about 10 cm. In a typical experiment 
using 2°/, Herzen’s extract the supply to the duodenum lasted for 
about one and a half hours. An examination of the fundus liquid gave 

‘16°/, acid, the pyloric liquid was markedly alkaline. _ 


SUMMARY. 


1. The object of the research was to inquire into the effect upon 
gastric secretion of strictly localising food substances to definite regions 
of the alimentary canal. 

2. By a specially devised method we were able to functionally 
separate the pyloric from the fundus end of the stomach. 

3. Whether the different substances employed were placed in the 
pyloric region of the stomach or in the duodenum in all cases the fundus 
responded by a marked secretion. — 

4. Ifthe food substances were confined to the fundus region there 
was no evidence of any secretion whatever. 

5. Of the different food substances employed, either in the pyloric 
region or duodenum, the effectiveness was apparently in the following 
order: meat extracts, especially Herzen’s extract, dextrose, dextrin and 
least hydrochloric acid. 
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AXON BIFURCATION IN REGENERATED NERVES. 
Part II. By W. A OSBORNE AND BASIL KILVINGTON. 


(From the Physiological Laboratory, University of Melbourne.) 


THE following experiments were carried out to supplement those 
described by us in a previous communication’. The animals employed 
were adult dogs. The technique throughout was the same as in the : 
earlier experiments. Both primary operation and subsequent stimula- ; 
tion were carried out under complete anesthesia, chloroform-ether é 
mixture preceded by morphine being used. At each secondary operation 
it was made clear by stimulation and careful dissection that no nerve 
union had occurred other than that desired. In the diagrams the 9 
direction from above downwards is throughout cellulifugal. 


BIFURCATION AFTER DOUBLE NERVE SECTION. 


Exp. L (Fig. 1). The sciatic nerve was divided in the gluteal 
region close to the sciatic notch. The ends were immediately sutured. 
About one inch of the external popliteal was excised. The internal 
popliteal was cut and its central end sutured not only to its own distal f 
end but also to the distal end of the external popliteal. The lower bulb : 
was carefully freed. from surrounding tissues by dissection 99 days after 
the primary operation so as to sever any wound fibres that might have 
grown in. Stimulation was carried out six days later. The sciatic was 
cut at a (Fig. 1), that is above the original section, and the external 
popliteal between E and P, two inches from the lower bulb. Stimula- 
tion of EP at P gave rise to flexion of toes (axon reflex). The sciatic 
was now cut at b. Stimulation at P with the same strength of stimulus 
as before still gave the axon reflex response, but it was distinctly reduced 
in amount, judging by the eye. A series of cuts was now made through 
the sciatic, but no further change was observable in the axon reflex 
response until the bulb was cut through at a (Fig. 2) when no con- 
traction was obtained. 

. 1 This Journal, xxxvm. p. 1. 1908. 
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Exp. II. The operative and stimulation procedures were identical 
with those in Exp. I. Six days were allowed to elapse between cleaning 
the lower bulb and stimulation, which latter was carried out 105 days 
after primary operation, Stimulation of HP at P (Fig. 1) after section 
of the external popliteal between E and P and of the sciatic at a gave 
good extension of hock and flexion of toes. Section of sciatic at 6 made’ 
no difference in the reflex response as far as the eye could judge. 


4 


Fig. 1. Fig. 2. 


In our former paper we stated that in such cases axon bifur- 
cation “took place not at the region of the upper cut where the 
regenerating stump was sprouting but at that portion of the system 
where a multiple path was offered.“ In Exp. I. as above given we have 
some evidence that a bifurcation may occur at the upper cut, but it 
must be trifling in amount compared with that which takes place at 
the lower point of suture. As before, we noticed in these two ex- 
periments, that the extent of the response was markedly below that 
which one can obtain if the first or upper cut has not been made in the 


primary operation. 
MOTOR BIFURCATION IN ABSENCE OF GENERAL MULTIPLE PATH. 


Exp. III. (Fig. 3). The sciatic was divided just above the separation 
of the two popliteals and immediately sutured. After 118 days the bulb 
was exposed and cleaned to remove wound fibres. Eight days later 
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stimulation was carried out. The sciatic was cut at a and the ee 
popliteal between E and P. Stimulation of EP at P gave a slight but 


distinct flexion of toes (axon reflex). 
Exp. IV. (Fig. 3). The two popliteals were divided just below 


their separation from the sciatic and at once sutured. Stimulation 
was carried out 80 days after primary operation. The sciatic was cut 
at a and the external popliteal between E and F. Stimulation of E 
at P gave strong flexion of toes (axon reflex). The region of the bulb 
where a distinction between the external and internal popliteal trunks 
was not discernible was now sectioned in a series of descending trans- 
verse cuts, The axon reflex diminished and finally disappeared. The 
region of the bulb through which the diminution was observed w 


about a centimetre in length. 8 


| 


Fig. 8. Fig. 4, 


Exp. V. (Fig. 3), The sciatic was divided just above the separation 
of the popliteals and immediately sutured. Stimulation was carried 
out 82 days after primary operation; The sciatic was cut at a and the 


external popliteal between E and P. Stimulation of EP at P gave 


slight flexion of toes and extension of hock (axon reflex). 


Exp. VI. (Fig. 3). The primary and secondary operations were 
replicas of those in Exps. IV. and V. Stimulation was carried out 137 
days after primary operation. Stimulation of EP at P gave a feeble 


flexion of toes (axon reflex). 
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Exp. VII. (Fig: 4). In this experiment an attempt was made to 
produce motor bifurcation by affording pre-ganglionic paths in addition 
to the ordinary motor paths, The central end of the phrenic trunk 
(including as we afterwards found a twig to the brachial plexus) was 
sutured not only to the distal phrenic but also to the distal vagus below 
the recurrens. Stimulation was carried out 87 days after primary 
operation. We failed to obtain evidence of any motor fibres of the 
phrenic having grown down the vagus, The phrenic was cut at a and 
the peripheral ends stimulated, giving strong movement of the diaphragm, 
but also movement of abduction in the fore limb. The phrenic was 
again cut between P and H and the central end stimulated at H. 
This gave rise to a movement of abduction of the fore limb (axon 
reflex), | 

Exp. VIII. A—the right side. The musculo-spiral was divided 
and sutured so that as far as could be done with a single suture the 
central ends of the radial and posterior interosseus were opposite their 
respective distal ends. Stimulation was carried out 91 days after 
primary operation. Stimulation of intact radial and posterior in- 
terosseus gave each a reflex sensory response of the animal. The 
musculo-spiral was then cut proximal to the neurome. Stimulation 
of the distal radial close to the bulb gave fairly vigorous extension of 
the paw (axon reflex). The electrodes were moved in a series of small 
gradations away from the bulb and stimulation repeated. At a point 
30 millimetres from the bulb the axon reflex response suddenly ceased. 
The radial was now stimulated by a series of crushes with a Spencer 
Wells forceps from below upwards. No response was noted until the 
point 30 millimetres below the neurome was reached. 

B—the left side. The musculo-spiral was divided and then sutured 
in such a manner that the proximal radial was opposite the distal 
posterior interosseus and vice versa. Stimulation was carried out on 
the same date as with the right side, namely 91 days after the primary 
operation. The results obtained by electrical and mechanical stimu- 
lation were exactly the same as on the right side, only here the motor 
branches had grown down 90 millimetres below the neurome. 

Exp. IX. Stimulation was carried out 120 days after the primary 
operation. 

A- the right side. The primary operation was identical with that 
in Exp. VIII. A, the components of the musculo-spiral being kept in 
apposition as far as possible, In the stimulation experiments the 
musculo-spiral was cut central to the neurome. Stimulation of the 
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radial gave extension of paw (axon reflex). On sliding the electrodes 
down the nerve trunk the reflex response was suddenly diminished but 
not obliterated at a point 14 centimetres from the neurome. A feeble 
response could be elicited by stimulation of the radial as far as the 
electrodes could be applied. All connection of the limb with the cen- 
tral nervous system was now destroyed by cutting the nerve trunks 
near the shoulder joint. The paw was then plunged into boiling water 
but no response of the muscles innervated by the posterior interosseus 
could be detected. The normal axon reflex response was then obtained 
by crushing the radial with forceps from below upwards; a great 
increase in the response being noted at a point 14 centimetres from the 
neurome. 

B.- the left side. On this side the primary operation was the same 
as in VIII. B, the nerve trunks at the points of suture being rotated 
relatively to each other through an angle of 180°. The same results 
were obtained as in VIII. A, only here the axon reflex response stopped 
completely at a point seven centimetres below the neurome. The 
results of electrical stimulation were confirmed by crushing. 

Exp. X. The primary operation was identical with those in VIII. A 
and IX. A, the components of the musculo-spiral being kept in apposi- 
tion as far as possible. Stimulation was carried out 200 days after 
the primary operation. The musculo-spiral was cut proximal to the 
neurome. Stimulation of the radial gave a distinct axon reflex re- 
sponse which was obtained as far down the trunk and its branches as 
the electrodes could be applied. All connection of the limb with the 
central nervous system was now destroyed by severing the nerve trunks 
at the shoulder. The paw was then immersed in boiling water but no 
movement could be detected. 

In the experiments of Bethe, Langley and Anderson, and 
Kilvington, and in our own earlier experiments motor bifurcation 
was detected in those cases where a decided multiple path was offered 
to the regenerating nerves. But in the experiments now described no 
such multiplicity was present. In the course of our work we gained a 
general impression however that axon bifurcation was greater when the 
offered path had an excess of fibres, but we cannot well insist on this 
point as the estimation was made by the eye alone and at different 
times, Our results suggest that in centrifugal nerve regeneration each 


regenerating motor stump gives rise to at least two sprouts. If the 


apposition of the degenerated fibres be different from what existed 
before the section (as it must invariably be when the trunk is cut 
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across), then at least two sprouts from a single proximal fibre can 
undergo complete regeneration and replace two of the fibres in the 
distal trunk. This opens up a number of problems which we are not 
yet in a position to solve, eg. is the total number of fibres in the distal 
trunk increased ; if not, are some of the proximal fibres debarred from 
regenerating ? 

In Exps. VIII., IX. and X. (really five experiments) the remarkable 
result was obtained that a branch of a bifurcating motor fibre could 
grow some distance down a sensory tract even though the distal motor 
paths were equal in number to the regenerating proximal motor fibres. 
These experiments certainly indicate a modification of the law of 
regeneration laid down by Langley and Anderson, namely that a 
regenerating motor nerve is indifferent to a sensory path. This is all 
the more remarkable when we consider the wide diversity in embryo- 
logical origin of these two classes of nerve. In two experiments in our 
former paper and in Experiments IX. A and X. of the present paper we 
found that the motor bifurcation fibres had travelled down the sensory 
path as far as the stimulation test could be applied. But in Experi- 
ments VIII. A and B, and IX. B of the present series the abruptness 
with which the motor fibres ended was very striking and pointed to a 
uniformity in the rate of growth. The fact that in these cases the 
motor fibres had advanced only a few centimetres along the afferent 
tract but had reached the proper muscular terminus on the posterior 
interosseus path, taken in conjunction with a similar instance recorded 
by Langley and Anderson, suggests at once that to regenerating 
motor fibres the afferent path is inferior in efficiency—that with motor 
fibres there is a preference for motor paths though sensory are not 
completely repudiated. 


THE APPOSITION FACTOR. 


Exp. XL The sciatic nerve was crushed just below the sciatic 
notch by tying tightly round it a silk ligature which was then removed. 
Complete paralysis of the muscles innervated by the sciatic ensued and 
persisted for the usual term. Stimulation was carried out 67 days after 
the primary operation. At the region of the crush a slight swelling on 
the trunk was noticeable. The sciatic was cut at a (the letters in 
Fig. 3 will serve) and the external popliteal between E and P. Stimu- 
lation of EP at P gave no movement of the limb nor any observable 
twitching of the exposed gastrocnemius, etc. Stimulation of the 
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internal popliteal gave strong extension of hock and flexion of toes. 
Stimulation of EP at E gave extension of toes and flexion of hock. No 
hint of axon reflex could be obtained by the strongest stimulation at P. 
Exp. XII. (Fig. 5). The sciatic was crushed as above by a silk 
ligature just above the separation of the popliteals. The paralysis 
that ensued was complete. Stimulation was carried out 71 days after 
the primary operation, The region of the crush showed a little 
thickening barely visible to the eye but easily 
felt by the finger, The sciatic was cut at a 
1 and the internal popliteal between I and P. 
The popliteals were separated above the 
‘= region of crush, Stimulation of the internal 
popliteal at a gave no muscular response. 
Stimulation of the internal popliteal at J 
gave no axon reflex. Stimulation of the 
internal popliteal at P and of the external 
popliteal at HP gave the usual responses. 
The external popliteal was then carefully laid 
bare a few inches and a twig was cut between 
E' and P. Stimulation of the twig at P’ 
Q gave a very slight twitching of the toe ex- 
* tensors. We were unable however to obtain 
9 this apparent axon reflex by crushing the 
twig with forceps at P. The response to 
Fig. 5. faradic stimulation in well shielded electrodes 
and with an intensity as near the threshold 
as 3 was obtained several times but was abolished by cutting 
the twig near its origin. 

Exp. XIII. (Fig. 5). The primary operation was identical with that 
in Exp. XII. Stimulation was carried out 77 days after the primary 
operation. The sciatic was cut at a and the internal popliteal between 
J and P. Stimulation of JP at P gave a normal response. Stimulation 
of the external popliteal at EP gave a normal response. Stimulation 
of IP at I gave no muscular response. The external popliteal was 
then dissected out carefully some inches and a twig laid bare which 
was cut between F and P. Stimulation of the twig at E gave a good 
response. Stimulation at P’ gave none. Stimulation of the external 
popliteal at HP gave a good response. 

These experiments therefore allow us to state that when the con- 
tinuity of nerve axons, but not that of the surrounding tissue, is 
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destroyed by a crush, bifurcation of motor axons either does not occur 
or is of such a nature that the branches of a proximal fibre run close 


together in the distal trunk and reach synergic muscles or fibres of the 
same muscle. 


MOTOR AND AFFERENT PATH OFFERED TO REGENERATING 
AFFERENT NERVE. 


Exp. XIV. The central end of the cut radial was sutured to its 
own distal end and to the distal end of the cut posterior interosseus. 
This was done on both sides. Stimulation was carried out 136 days 
after primary operation. On both sides it was found that no muscular 
response could be obtained on stimulating either the distal radial or 
posterior interosseus. We thus add two more instances to the four 
recorded in our previous paper of the inability of sensory fibres either 
to regenerate along motor paths or to make regenerative union 
with the receptive substance of skeletal muscle. The fact that the 
posterior interosseus was thin and flaccid in all these experiments 
makes the former alternative more probable and confirms the con- 
clusion of Langley and Anderson. 


CONCLUSIONS. 


1. If a multiple path be offered to regenerating motor axons at 
some distance from their point of section bifurcation will occur both at 
the point of section and at the region where the multiple path is 
offered. The bifurcation is much more pronounced at the latter region. 

2. If a nerve trunk containing sensory and motor axons be cut 
and sutured some bifurcation of motor axons will occur in regeneration. 

3. Degenerated sensory nerves can act as guides for the regenera- 
tion of bifureated motor axons. The directive power of sensory paths 
for motor regeneration is not so great as that of degenerated motor 
fibres. 

4. Afferent nerve fibres do not make regenerative union with 
motor nerves (confirmatory of Langley and Anderson). 


The expenses of this research were defrayed by a grant to one of us (B. K.) from the 
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Government Grant Committee of the Royal Society. 
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THE ARRANGEMENT OF NERVE FIBRES IN A RE- 
GENERATED NERVE TRUNK. By W. A. OSBORNE 3 
and BASIL KILVINGTON. 


(From the Physiological Laboratory, University of M ) 


In the course of our research on axon bifurcation as well as the 
researches of one of us (B. K.) on nerve regeneration the problem was 
constantly being suggested as to the arrangement of nerve fibres in a 
nerve trunk which has regenerated after section and suture. The fact 
that two branches of a single motor axon could grow down two such 
divergent routes as the external and internal popliteals or the radial 
and posterior interosseus led us to believe that fortuitous apposition 
during suture was a leading factor in determining the route of 
regeneration. Each sprout in a regenerating stump would, according 4 
to this hypothesis, take the nearest path offered which possessed all the : 
requirements for a regenerating fibre. If this were so a very con- i 
siderable distortion or dissociation of the patterns above and below the + 
neurome might result, and thus a dissociation of the receptor and medul- 
lary patterns in the case of afferent nerves or of the medullary and the l 
peripheral receptive substance patterns in the case of motor and pre- 
and post-ganglionic nerves. The importance of this consideration from 
a clinical as well as an academic standpoint is considerable. Lipschitz! 
has referred the frequent lack of co-ordination following regeneration of 
the cut facial in the human patient to arrangement of the fibres in the 
regenerated distal trunk. He was able in such cases by stimulating 
certain points on the skin near the scalp margin to produce contraction 
of discrete and widely divergent muscles or portions of muscles in the 
face. The important work of Langley in this connection will be 
discussed later. 

All of the experiments to be mentioned were carried out on animals 3 
used for the research on motor bifurcation, both primary and secondary f 


OPS. 


* Abstracted in Neurolog. Centr. 1907, p. 380, and in Centr. f. Med. Wiss, 1907, p. 141. 
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operations being performed at the same respective times. For the sake 
of clearness all reference to these has been omitted in the paper on 2xon 


bifurcation, and, as they belong to a different research, are now collected 
and treated separately. 


REARRANGEMENT AFTER SECTION AND SUTURE, 


Exp. I. The sciatic was divided at the point of separation of the 
popliteals and at once sutured, the popliteals being maintained in 
correct apposition as far as was possible with a single suture. Stimula- 
tion was carried out 80 days after the primary operation. The 
popliteals were separated for some distance above the neurome and cut. 
Stimulation of HP and E (Fig. 1) gave strong contraction of both flexors 
and extensors of the toes, the flexors predominating. The external 
popliteal was now cut at P. Stimulation at E now gave only flexion of 
toes and greater than could be accounted for by the axon bifurcation 
which was proved to be present. 

Exp. II. This was in every particular, except period of regenera- 
tion (82 days), identical with Exp. I. The results were the same. 
Stimulation at F after cutting at H and P gave a very much stronger 
flexion of toes than could be obtained by axon reflex on stimulation 
at P. 

Exp. III. The primary operation was the same. The period of 
regeneration was 70 days. On cutting the external popliteal at E and 
P and stimulating at Z a slight flexion of toes was produced. 

Exp. IV. The sciatic was cut just above the separation of the 
popliteals, the correct apposition of these latter was, as far as possible, 
preserved on suturing. The period of regeneration was 137 days. The 
popliteals were separated for some distance above the neurome. The 
external popliteal was cut at I (Fig. 2). Stimulation of EP and P gave 
not only an axon reflex down the internal popliteal but also marked 
general reflex disturbance showing that sensory fibres properly connected 
with the central nervous system were being stimulated. The general 
reflex disturbance obtained by stimulating the internal popliteal at IP 
was however much greater. Only a minority therefore of the sensory 
fibres in the proximal JP had crossed to the distal EP. 

Exp. V. The sciatic was cut just above the separation of the 
popliteals and the correct apposition preserved on suture. After 113 
days the bulb was cleaned by dissection and stimulation carried out 
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eight days later. Stimulation of the external popliteal below the neur- 
ome gave strong reflex disturbances. The external popliteal was now 
cut at E (Fig. 2). Stimulation at P now gave sensory manifestations 


but considerably reduced in amount. 
IP 
iP 
EE 
7 
IP 
P 
P ‘ 
Fig. 1. Fig. 2. 


Exp. VI. The musculo-spiral was divided and sutured after twisting 
the distal portion through an angle of 180°. When 189 days had 
elapsed the radial was separated out from the proximal musculo-spiral, 
i.e. above the neurome, and cut. After an interval of 11 days, or 200 
days from the primary operation, the distal radial was stimulated— 
marked reflex sensory disturbances followed showing that sensory fibres 
of the posterior interosseus had grown down the radial. No axon 
reflex was obtained owing to an accidental injury to the distal posterior 
interosseus at the time of stimulation. 

The above experiments therefore demonstrate that when a nerve 
trunk is cut and sutured considerable distortion of the motor and 
sensory patterns occur during regeneration. It may be mentioned in 
this connection that the presence of wound fibres is in itself conclusive 
evidence of the disarrangement that occurs, at least with motor fibres, 
on section and suture. 
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THE APPOSITION FACTOR. 


Exp. VII. The sciatic was crushed by a silk ligature tied tightly 
just below the sciatic notch and then removed. Stimulation was 
carried out 67 days after the primary operation, Stimulation of EP at 
P (Fig. 1 will serve for this exp.) gave strong sensory reflex disturb- 
ances.. The external popliteal was now cut at E. Stimulation at P 
now produced no effect. Stimulation of the distal internal popliteal at 
IP’ produced sensory reflex disturbances, | 

Exp. VIII. The crush by silk ligature was applied just above the 
separation of the popliteals. Stimulation was carried out 71 days later. 
Stimulation of both distal popliteals gave strong motor effects and 
sensory reflex disturbances, The popliteals were separated above the 

region of crush and the internal. popliteal cut at JP’ and IP, Stimula- 

tion of the distal internal popliteal at IP now gave no motor effects. 
Stimulation of the proximal internal popliteal at IP’ gave no sensory 
manifestations. 

These experiments taken in conjunction with the absence of bifur 
cation in crushed nervés show that though physiological and possibly 
physical continuity have been destroyed in the axons, yet disarrangement 
will not occur on regeneration if the apposition is perfect. Head and 
his collaborators have shown that in a crushed nerve “epicritic” 
sensation returns at the same date as the protopathic,” whereas if the 
trunk be cut the time required for epicritic regeneration is much 
longer than that for protopathic and may demand several years, Our 
experiments suggest that in this latter case the delayed or incomplete 
return of epicritic sensation is not a delayed or incomplete regeneration 
of nerve fibres but is due to the dissociation of the receptor and 
medullary patterns necessitating a new sensory co-ordination. The 
same dissociation can adequately explain the referred or multiple 
sensation following stimulation at a single point in cases of regenerated 
cut nerves—a view which has been put forward by Langley’. 

Our experiments with sensory and motor fibres and those of 
Langley? on post-ganglionic might lead one to suppose that fortuitous 
apposition is the single deciding factor in determining the route of 
regeneration. That this is not the case with pre-ganglionic fibres has 
been proved by the remarkable experiments of Langley in which certain 


1 Proc, Physiol. Soc. Jan. 25th, 1908. 
2 This Journal, Xu. 215. 
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upper thoracic white rami preserved their separate respective actions 
after section and regeneration of the cervical sympathetic. Some 
distortion, it is true, was noted, but, in the main, pupillo-dilator pre- 
ganglionic fibres regenerated along pupillo-dilator and not erector pili 
pre-ganglionic paths. Langley has suggested that here a specific 
chemiotactic agency is at work. This appears highly probable, but other 
factors may be exercising some influence. Thus differences in distance 
from the nerve cell may mean differences in the time of sprouting of 
the proximal axon stump and of chemiotactic preparation of the distal 
paths. If the observations of Donaldson’ are correct and the broader 
fibres in a nerve trunk have a more proximal peripheral distribution 
the mere question of size may have to be considered in this connection. 
But certainly, so far as our experiments demonstrate, chance apposition 
seems to be a much more important factor with motor and afferent 
nerves than it is with pre-ganglionic fibres as evidenced in Langley’s 
experiments. | 


CONCLUSIONS. 


1. Ifa nerve trunk containing sensory and motor fibres be cut and 
sutured, considerable distortion of the sensory and motor patterns takes 
place on regeneration. 

2. If the nerve trunk be crushed and not cut no distortion is 
detectable on regeneration. 

3. The dissociation of the nerve patterns above and below the 
neurome in a nerve which has regenerated after section must condition 
an inco-ordination of motor effects and a disturbance of sensory co-ordi- 
nation or “sensual fusion.” 


The expenses of this research were defrayed by 6 grant to one of us (B. KL.) from the 
Government Grant Committee of the Royal Society. 


1 Neurolog. Centr. 1908, p. 677. 


~ * 
* 
} 
— 
* t 
* 
7 
7 
4 
a 
4 
7 
— 4 
4 
7 4, J 4 
4 — 


FATTY INFILTRATION OF THE LIVER IN HUNGER. 
By V. H. MOTTRAM, R Cambridge. > 


Plates II and III. 
(From the Physiological Laboratories of Cambridge and Munich?) 3 
CONTENTS. 
PAGE 
1. Introductory . . . ˙· ͤ T 
2. Histological experiments 
Fat content of liver in hunger . 
The later metabolism experiments 
1. 


Scope of Research. The following research originated in the ob- 
servation that hunger produced a marked vacuolation in the liver 
of the guinea-pig. An animal kept two days without food showed so 
many and so large vacuoles in the liver-cells that the tissue was 
discarded as abnormal. Chance observations suggested that these 
vacuoles were, in the fresh tissue, filled with fat, and that they had 
been emptied of their contents by the alcohols and xylol used in 
making a Canada-balsam preparation. Staining with osmic acid, with * 
Scharlach R, with methyl-violet or Nile blue sulphate [Lorrain © 
Smith’s* method] showed this surmise correct. Further experiments 
abundantly confirmed this fact: that after a short period of hunger the 
liver-cells of the rabbit and guinea-pig show a colossal increase of 
histologically demonstrable fat. 

Historical. Such phenomena had naturally enough been observed 
in the past. Since 1856 more than a dozen articles have been 


1 Experiments 1—9 were carried out in Cambridge, and 12—23 in Munich. 
* Lorrain Smith. J. of Path. and Bact. 1907. Abst. Proc. Path. Soc. Jan. 12. 
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published on the increase of fat visible in histological 
during hunger. But the observers have been obsessed with the idea of 
fatty-degeneration, and have submitted the animals used to long fasts. 
Only one article’ records observations with hunger of short duration. 

Statkewitsch? (1894), working with guinea-pigs, dogs, cats, rabbits 
and pigeons, found that, after a loss of initial body weight amounting to 
10—15 / there was a granular degeneration and an appearance of fat 
globules in the inner cells of the lobule; after 20—25 % loss they, the 
globules, increase in number, and then, later still, enormous ones appear 
in the neighbourhood of the portal-vein. Often the nucleus is irregular 
or elliptical. Further from the portal-vein the fat decreases in amount, 
though in advanced hunger all the cells suffer equally. There is some 
vacuolation. The results are best seen in guinea-pigs, dogs, and cats, 
are less obvious in rabbits, and least of all in pigeons. —- 

Nikolaides' (1899), keeping dogs without food—2 to 30 days 
confirmed the appearance of fat in the liver and other glandular organs. 
With very advanced hunger (30 days), instead of fat globules were 
found vacuoles, that, presumably, once contained fat. He too considers 
the fat degenerative. 

Gilbert and Jomier‘ (1899) made eight experiments on dogs and 
six on rabbits, with fasts ranging from 25 hours to 84 days, and found a 
greater amount of fat on the average in the livers of the hungry animals 
than in those of the fed. They state that no especial arrangement of 
the fat globules was observed (cp. with Statkewitsch above), and 
point out that the increase of fat cannot be termed ‘degenerative.’ 
The fasts were, in many cases, too short for that. Nevertheless they 
speak of ‘degeneration vacuoles’ in the liver of one of the rabbits. 
With the last mentioned the results are said to be not striking. 


2. HISTOLOGICAL EXPERIMENTS. 


Results in gross. In the course of my experiments guinea-pigs, 
hedgehogs, pigeons, rats and rabbits have been used. The periods of 
hunger, except in the later experiments, were never more than two days. 
The results were briefly an extraordinary increase of microscopically 
visible fat in the case of rabbits and guinea-pigs, and a very doubtful 


Gilbert et Jomier. C. R. Soc. Biol. uv. p. 494. 1904. 
* Statkewitsch. Arch. f. exp. Path. XXII. s. 415. 1894. 


* Nikolaides. Arch, f. Anat. u. Physiol. (Phys. Abth.) s. 518, 1899. 
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increase with hedgehogs, pigeons, and rats. The results with the two 
herbivores were very marked after so short a fast as 24 hours. 

This observation is founded on experiments with 18 rats, 15 guinea- 
pigs (9 from an English, 6 from a German source), 17 rabbits (10 English 
and 7 German), 3 hedgehogs and 2 pigeons. These figures represent 
fasting animals. They have been controlled directly on 7 guinea-pigs, 
5 rabbits, 2 hedgehogs, 2 pigeons and very many rats, and indirectly, 
by absence of vacuolation, in normal livers used for experiments on the 
granules of mammalian liver’. Only one normal animal has shown any 
considerable amount of microscopically visible fat in the liver. With 
guinea-pigs and rabbits no single experiment (with a fast of 24 hours 
or over) has failed to give a most striking increase. 


Method and detailed results. In the earlier experiments normal laboratory animals 
(rabbits 2—4 kg., guinea-pigs 500—700 g. and rats 100—150 g. wt.) were used without 
preliminary preparation. Later it was considered advisable to keep experiment and 
control animals at least a week on the same diet. Rabbits Series III. (see below, p. 300) 
were five months on the same diet before experimentation. During such preparation and 
during the experiment they were kept in separate cages. During the fast water was 
given. Death was usually brought about by rapid bleeding, but in Series III. and the 
supplementary series, by a blow on the head. The liver was rapidly excised and small 
portions fixed in formalin—in certain cases 40% formaldehyde, but in the later experi- 
ments 2—4°/,. After at least 4 hours’ fixation sections were cut in formol-gum* and 
stained either with osmic acid, Scharlach R, methyl-violet or Nile blue sulphate for fat, 
and counterstained or not at will. A useful combination was Scharlach R: saturated 
solution in 70°/, aleohol with a small amount of Nile blue sulphate added. Sections 
were stained helf-an-hour, washed in very dilute formaldehyde’ and mounted in 


13..k | 


Such preparations leave absolutely no doubt that hunger causes a 
sudden and remarkable rise in the fat content of the rabbit and guinea- 
pig liver-cells. Whereas normally there is scarcely a globule of fat to 
be seen in the field of a +,” objective; after one day’s hunger the 
number of fat-globules per cell, each with a diameter half that of the 
nucleus, may rise to five or ten. Rough estimates, by counting the 
globules of fat per microscope field, were attempted. In one comparison 
there was throughout the tissue as much fat in every cell of a hunger 


1 V. H. Mottram. Proc. Phys. Soc. June 22, 1907. This Journal, XXXVI. 

* A method. much in use in Cambridge. ‘Formol-gum’ is gum dissolved in 
4% aq. soln. of 

3 This trace of formaldehyde is added te preserve the sharpness of nuclear stain, for, 
as has been often pointed out, formaldehyde is an excellent fixative but does not harden. 
Excellent chromatin staining may be obtained with formaldehyde as a fixative, provided the 
preparations never touch water or dilute alcohol, unless there be a trace of the fixative 
present. 


* 
„ 
— 
* 
— 
* 
* 
* 
* 
i 
4 
— 
7 
4 
+ 
‘ 
‘ 
; 
* 
4 
i 
— 
* 
— 
* 
4 4 = * 2 * 
« 


284 V. H. MOTTRAM. 


liver (2 days) as in the whole of the field of normal liver: evidence of a a 
fifty-fold increase. 

All the stains used give similar results, but Lorrain Smith's“ 
method best brings out one constant result: the fat vacuoles stain 
incompletely. They are usually divided into two portions, one crescent- 
shaped and stained, and the other hyaline. Many variations of this are 
seen: there are all gradations from full-moon to the thinnest of thin 


@e00 
0666 
© 


crescents, Most of the appearances are referable to two spheres of 
different radius internally tangential, of which the one is stained, the 
other not. When the point at which they touch is vertically beneath 
the lens an annulus is produced. At times the vacuole is void of fat. 
Figure 1 (somewhat diagrammatic) shows the appearances of these 
vacuoles. 

Gilbert and Jomier“ describe ‘degeneration vacuoles’ with small 
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fat globules within. These are evidently extreme cases in the 
exhaustion of the fat in the lobule (see Fig. 1), but are certainly not 
degenerative. 

The natural explanation of this gradation from full- moon to the 
crescent and the vacuole, is that the fat is being metabolised. The 
fat globule submits to an invasion which spreads itself as a sphere 
throughout the whole. When the fat is all metabolised a vacuole 
remains and persists for some time. 

Apart from the fat the cells are normal, The protoplasm is 
granular'; the nucleus is normal; there is nothing to suggest degenera- 
tion. The vacuolation of the nucleus described by Statkewitsch 
I never observed—possibly because the periods of hunger were in my 
experiments of short duration’. 

The fat is not always uniformly scattered throughout the lobule. 
In several cases the cells in the centre of the lobule were free from fat; 
those exterior were richly supplied. More often, however, the fat is 
uniformly scattered, though the converse happens frequently enough to 
prevent the suggestion of abnormality. Three guinea-pigs and two 
rabbits showed it markedly; three more rabbits undoubtedly, but to a 
less degree. With two exceptions these animals had undergone a 
24 hours’ fast only. There is therefore more than a possibility that this 
peripheral arrangement of the fat-rich cells is due to the direction of 
the blood-flow in the liver. | 

The increase in fat is observed without fail both in guinea-pigs and 
rabbits, 24 hours after the withdrawal of food. In one series of six 
rabbits there appears to be actually more fat present after 24 hours’ 
hunger than after 48. This repeated gave exactly the same result. It 
is possible that this is idiosyncratic, for the two animals concerned were 
smaller than the average used. The greatest amounts of fat that I 
have yet observed were after a fast of 48 hours in a guinea-pig and of 
four days in a rabbit. (Series III. rabbits, p. 300, and Series II. guinea- 
pigs, p. 308 below.) 

The early occurrence, then, of this phenomenon confirms the his- 
tological evidence that it is not pathological, 24 hours’ hunger cannot 


1 The granularity depends on the strength of the fixing agent used, see note on 
the “‘ granules of mammalian liver.” Loc. cit. In the preparations used for the plates 
dilute formaldehyde was used, so that the granulation is vague. 

1 An exception is that of Series III. rabbits (see below, p. 300). One rabbit was 5 days 
without food. Careful staining with Weigert’s iron hematoxylin showed no degenerative 
changes in the liver. 
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be so unusual in the life of wild and pet rabbits :. hunger degeneration 
of the liver-cells is entirely out of the question. The phenomenon is 
physiological and not pathological. 

On the meaning of these results. It has become a common-place of 
physiological polemic, that histological evidence of fat is no criterion of 
the fat-content of the cell. This is due to Rosenfeld’s attack on the 
Virchow and Pettenkofer-Voit theory that fat. may be formed from 
proteid. He has shown that while the normal kidney is fat-free— 
observed under the microscope—it may contain 15—23°/, of the 
dried substance as ether-extract. Kidneys, hearts and brains, showing 
advanced fatty-degeneration, may contain less ether-extract than. the 
normal. In the liver, it is true, Rosenfeld admits some parallelism 
between histological appearance and chemical fat-content, and the 
result of experiments detailed below will confirm that admission. But 
for any theory. 


Qs 


3. CHEMISTRY OF THE HUNGER-LIVER. 4 

Methods of fat extraction. 

(a) Historical and critical. While this work was in hand two very J 
important and subversive papers have been published advocating new l 
methods of fat extraction and estimation. In the earlier work ; 
Rosenfeld’s method was used’. A 
The tissue is dried at 100—110° C., boiled 3 hr. with 96 % alcohol, and the residue 


extracted 6 hrs. in a Soxhlet apparatus with chloroform. The extracts aré united, 5 
evaporated to dryness, taken up with ether, filtered and dried. 5 


E. Later, from Oct. 1907 to Mar. 1908 the Pfluger -Dormeyerꝰ method 
7 as modified by Weinland was adopted. 


The tissue is dried at 96°0., extracted 24 hrs. with petrol-ether (boiling-point not 
over 65°C.) in a Soxhlet apparatus, and the extract filtered, The residue of the tissue 
is then digested at least two days at 87° C. with 1 per mille pepsin (Merck) in 0-8 % HOI. a 
The digerate, after filtration through the filter thimble, is extracted three times with N 
petrol-ether, a day elapeing between each extraction. The filter thimble is dried and 
further extracted (24 hours) with petrol-ether. All the extracts are filtered through the 
same fat-free filter into the same vessel. a eee 
extract dried in vacuo at 97° C. till of constant weight. 


Later Kumagawa and Suto’s? method was used, and in the last 
two series of experiments a method that combines Kumagawa's 


? Zentralbl. f. inner. Med. xxt. s, 888. 1900. 
2 Pfliiger’s Arch. 65. 90. 1897. 3 Biochem. Zeitsch, VIII. 6. 212. 1908, 
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method with that described by 
Rosenfeld’s method in that, th it obtains more extract than any 


a Rosenfeld extract had a saponification value of 
the theoretic yield is 95% Kumagawa estimates 
the impurities in Rosenfeld’s extract at, at least, 40°/, Rosenfeld 
claimed his method the best because it obtains more ‘something,’ more 
lipoids, from the tissue than any other. 

_ Hartley’s* paper it is that has made alternations in fat extraction 
absolutely necessary. He has shown that the fatty acids obtained from 
heart, kidney and liver all possess a very high iodine value. Working 
on organs from pigs, goats, dogs and men he obtains without fail an 
iodine value of at least 110, rising often to 135. He has shown that 
such fatty acid very readily oxidises and its iodine value therefore 
sinks. After eight weeks’ exposure to the air at ordinary temperature 
the iodine value of a sample of normal pig-liver fat sinks from 123 to 65. 
In a case of human-liver fat the fall was from 123 to 113° after a 
week's exposure. This oxidation proceeds more rapidly at high 
temperatures. | 
Every method, therefore, of fat estimation, any one of the stages of 
which necessitates drying of the tissue or of the extract by heat in the 
presence of air, stands condemned. This is particularly the case in 
investigating fat infiltrations. The infiltered fat (from the fat depdts) is 
less oxidisable than the tissue fat. In such estimations too low a result 
is obtained with the control tissue, while that of the research tissue is 
nearer the truth. In fine, the estimations have an initial prejudice in 
the direction of infiltration—the very thing that should be avoided. 
Heating the tissue or the extract alters the control more than the 
research tissue fat.. 

An interesting confirmation of this criticism is to be seen in the 
following research. 

Exp. 18 b. Rabbit 73558 gms, wt. Deprived of food early in the morning. Animal 
house 18°7°C. Temp. of animal three days later 88°37°C. Wt. of animal 8875 gms. 
Loss of wt. 183 gms. Wt. of liver 70°2 gms. / solid 31°90. Wt. of liver dry 
22°97 gms. Method of extraction: Kumagawa’s. The liver was minced, dried at 97° C., 
and about 8 gms. (or less) at a time weighed carefully and dissolved in 25 e. e. of 
20°/, NaHO soln. After three hours on the water-bath the solution was cooled and 

1 This Journal, xxxvi. p. 17. 1907—8. 2 


® Proc. Physiol. Soc. A Soar 1904. 
Loe. cit. 


known method, it yields Tess fatty acid (when the extract is saponified) 
than does direct solytion of the tissue in caustic soda. Leathes* had 
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transferred to a separating funnel. It was thoroughly acidified, cooled, and extracted 
with ether. The ethereal solution was dried, retaken up with ether, dried and taken 
up with petrol-ether. This solution was evaporated, the extract dried at 97°C. in a 
vacuum and weighed. This gives the % of crude petrol-ether extract. From this the 


unsaponifiable substances were extracted by over neutralization with alcoholic potash — 


and extraction with petrol-ether. The ethereal solution was evaporated, dried at 97° C. 
in vacuo, and weighed. The difference between this result and the weight of the crude 
extract gives the weight of pure fatty-acid present. : 


Date Notes 
1908 v. 29 1782 1865) -  Petrol-ether used instead of the ethyl-ether 
31 17°28 18-02 for the first extraction. Three extractions. 
vi. 1 17°50 N 1K mod that 
6 15 1 four extractions in place of two were 
6 16°31 17-06 ; 
12 16°08 16°81 


Any two adjacent estimations agree moderately well, but between 
the first and the last there is a difference of 10°/, Between each 
weighing out of the powder it was of course necessary to heat the 
powder to 97°C. to drive off the small amount of moisture taken up 
during the exposure to air. I attribute the decrement in fatty acids 
obtained after each heating to the oxidation of the unsaturated fat 
present in the powder. 5 

This assumption would explain other discrepancies in estimation, 
eg. the fall in fat content of a powder stored a long time. 

The powdered dry liver of the Ist rabbit, Series II. (below), Exp. 15, 
extracted according to the Weinland-Pfitiger-Dormeyer method yielded 
6°68 / crude petrol-ether extract. Four months later, analysed 
according to Kumagawa’s method, it yielded 5°78°/, crude fatty acid’, 
or, reckoned as fat, 605 % The advantage then lay with the former 
method. In the interval this powder had been heated at least six 
days at 97° C. and during the remainder of the time had stood in a 
desiccator. | 

But when the Kumagawa method is directly and without interval 
compared with the Weinland-Pfluger-Dormeyer method it holds a much 
superior position. 

We see that normally the Kumagawa method has a distinct ad- 
vantage, though when the powder has stood about some time in the air 
or desiecator the amount of extract obtained is diminished ; the result 
is reversed, 


a i.e. with u certain amount of cholesterol and other unsaponifiable substances present. 
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Exr. 18 4a. Rabbit ¢ 8377 gms. wt. Food removed early, and animal killed at 11 a.m. 
the same day. Temp. of animal 88-83°C. Wt. of liver fresh 101-4 gms. °/, solid 29-20, 
Wt. of liver dry 29°61 gms. Estimations of fat by both methods. 


Method Crude extract  Reckoned as fat Notes 
W. Pf. D. 771 % 771 °), Advantage of nearly 7 °/, with 
Kumagawa 7°88! 8-24 the Kumagawa method. 
Exr. 18 b. Rabbit (for protocol see above, p. 287). 
W. Pf. D. 20°19 20°19 Advantage | 
Kumagawa 21-51 22°50 


Another fairly clear case of oxidation of a normal animal's liver fat 
on heating is furnished by Series I. and II. guinea-pigs (v. inf.): 
Experiments 20 and 23. The normal liver, Exp. 20a, estimated for fat 

ay Total fat of liver 
by Kumagawa’s method gave the factor Renal body we” 410 x 10~. 
The livers of three normal guinea-pigs, Exp. 23a i., ii. and iii., estimated 
by the Hartley-Kumagawa method (v. inf.), gave as fat-quotients 8°78, 
7°84, and 9°09, or a mean value of 857. The low result of the 
estimation in Series I. I attribute to the drying necessary as the 
preliminary of Kumagawa’s method. 

For work on tissue fats that claims any accuracy the preliminary 
drying of the tissue by heat must be avoided. Direct saponification of 
the moist tissue, as in Hartley’s method of estimation, should be used. 
Moreover it is necessary that all steps in the estimation should be 
carried out as rapidly as possible and out of contact with the air. In 
the experiments to be detailed I have used Rosenfeld’s, Weinland’s and 
Kumagawa’s methods; and for the last two series a combination of 
Hartley’s and Kumagawa’s methods. This combination was devised 
to obviate the preliminary drying of Kumagawa’s method, and the 
necessity of using large quantities of material. This method, which 
is detailed immediately below, I consider much the most accurate I 
have used, and where experiments with other methods are given, they 
are given only as rough confirmatory * of the results obtained 
by the former. 


U The Havtley-Kumagawa method. 
The tissue is rapidly excised from the animal, weighed, cut into small pieces, 


‘re-weighed and thrown into boiling water in a Schott and Gen flask. 100 ¢.c. water is 


1. i.e. with a certain amount of cholesterol and other unsaponifiable substances present. 
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used when the tissue weighs roughly 50 gms., and 50 0. o. when it weighs roughly 20 gms. a 


(rabbit’s and guinea-pig’s liver respectively). The flask is then transferred to a water- 4 
bath, and for each gram fresh substance § gm. Merck’s purest caustic potash is added. f 
The flask is covered with an inverted funnel. This keeps the flask full of steam and iz 
the temperature throughout the funnel at 97°C. (the boiling point of water in Munich). = 
This arrangement, borrowed from Kumagawa, has the advantage of driving the air from 
the flask and of preventing evaporation of its fluid contents. After three hours the 
contents of the flask, which should be quite clear, are transferred hot to a separating : 
funnel of 250 0. 6. capacity, the stoppers of which have been previously wetted with = 
glycerin. The solution is acidified and extracted exactly according to Kumagawa’s 5 
directions exept that four ether extractions are made (in place of two), and the funnel 2 
more carefully washed than he recommends. Instead of pouring off the ether it is 


always siphoned off into a special flask. 

When glycogen estimations have to be made the hot alkaline solution is allowed 4 
to cool, is diluted somewhat and then divided into two weighed portions (one for x 
fat estimation, one for glycogen). Pfliiger’s method of glycogen estimation is carried % 


out on the latter, the former treated as above. f 
_ Evaporation. of the ethereal solutions is carried out in an oven heated to 40°C. 1 
Through the oven a constant stream of CO, passes. When the evaporation has proceeded % 
some way the temperature is raised gradually to 70°C. The final drying of the last 

petrol-ether extract is made in a vacuum at 97° C. till constancy of weight is obtained. 

In all cases the unsaponifiable lipoids are estimated according to Kumagawa’s 

directions. This is very important, for in estimations of liver-fat these form a large 

and variable proportion of the ernde extract, as the following figures show. 


Exp. 18 b. Dried rabbit liver (for protocol see p. 207). Kumagawa’s method. 


Unsaponi- Fatty acids 
Powder Crude Per cent. fiable Unsap. 24.ñßx:t:' 
Date used extract in powder substances Crude extract Total Per cent. Remarks 


1908 v. 20 3.8211 06086 g. 20-88%, 01016 fg. % 0-5920g. 17˙82 % Three extractions 
81 21420 04842 2027 00651 1499 08691 17°28 with petrol-ether. 


vw. 1 19720 «6040190 20˙36 00569 14,16 03460 

5 19209 08779 1967 00598 1570 08186 16°59 Normal Kumagawa 
6 18866 «6035400 00461 S802 03079 method. 

12 29820 4405666 00962 1680 (4714S «16°08 


It is obvious that the inclusion of unsaponifiable substances 
introduces a variable of great uncertainty as the quotient unsaponifiable 
substances + crude extract shows. Moreover in estimating a substance 
it is well to get rid of an impurity that forms 13—17 */, of the crude 
extract! Further, although the use of petrol-ether instead of ether 
does not seem to influence the amounts of unsaponifiable substances 
obtained, the number of extractions does. This means that a shake 
more or less of the separating funnel will influence the amount of 


unsaponifiable substances, though not that of the fatty acid. Eg. 
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Exr. 19. Four puppy livers (animals killed under chloroform) excised and minced. 
Harley mead exept tat 90 Merck KHO wat aed 
dissolve the liver. Results. 


Amount of Crude Per 8. — Per cent. ü 
liver used extract cent. Unsap. s. . fattyacid Remarks 
81°45 . 16882 f. 535 0-8005g. 17-85%, 18827 4898 Sextractions. 
19°62 0-9712 4°95 0°1211 12°47 08501 4388 4 


” 


The extra four extractions made in the first experiment only sent up 
the amount of unsaponifiable substances in the crude extract. The final 
result was hardly influenced. 

Further, the percentage of unsaponifiable substance in the crude 
extract varies greatly from liver to liver. It is different according to 
whether the animal is a control or a fasting animal. I have obtained 
results ranging from 4% to 22% , the lower results being usually with 
fasting animals, and the higher with controls. It will be seen that it is 
absolutely necessary to remove the unsaponifiable substances. 

After they were removed a sample of the remaining fatty acids 


(present in solution as aed was obtained and the iodine value 
estimated. 


The alkaline solution is acidified with HCl, shaken with petrol-ether and allowed 
to stand till separation takes place. Always a slight amount of tarry pigment (with one 
or two exceptions, ¢.g. Exp. 23 c) separates out at the junction of petrol-ether and water. 
This one or two milligrams would not really materially influence results, though it shows 
that the method is not quite perfect. The petrol-ether extract is siphoned off, filtered 
through a dry fat-free filter into a Sendtner flask, dried in CO, at 40—70°C., then in a 
vacuum oven at 97° C. till of constant weight. The iodine value is then estimated by 


_ Hiibler’s method. 


Fig. 2. 


A short note is here included on the asbestos filters used. A distinct and advantageous 
departure from Kumagawa’s form was made. The shape used is that in Fig. 2. Such 
shape is easier to get made and it reduces the ‘creeping’ of the fat: that bugbear of 
fat estimation. It is easy to wash the fat that has ‘crept’ back into the asbestos. The 
fat-free cotton-wool of Kumagawa is replaced by a platinum cone. After purification 
of the asbestos with caustic alkali and with aqua regia, it is thoroughly washed with 
distilled water, and then transferred to a stoppered bottle and shaken for several hours 
in presence of water on the shaker. This thoroughly teases the asbestos. When required 
for use the bottle is shaken once or twice, and the asbestos in suspension is poured into 


1 Estimations on 21 different samples of rabbit and guines-pig liver. 
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the Kumaga wa filter funnel. A filter pump attached to the lower end rapidly sucks the 
asbestos into position and the water away. A depth of 1 cm. of asbestos is about the 
requisite amount. The filter is then washed with water, 97°/, alcohol, absolute and 
ether, and dried by a current of air as in the preparation of Allihn’s tubes for the 
estimation of sugar. It is a saving of time to renew the asbestos for each estimation. 


In the following researches the method of fat estimation is always 
noted. By Rosenfeld’s method is meant the method detailed above, 
p. 286; by the Weinland - Pfluger Dormeyer method, that on p. 286; by the 
Kumagawa method that on p. 287: a method that closely follows the 
original account given by Kumaga wa except in a few unimportant 
details ; and by the Hartley-Kumagawa method that described at some 
length, pp. 289—292. It is fortunate that in my researches the most 
conclusive results have been obtained by the last, and (I consider) best 
method. 155 


Fut content of liver in hunger. 


(a) Of the rise in fat percentage. Using all four methods at various 
times the results have been invariable. There is no case.in which 
the percentage of ether extract, petrol-ether extract or pure fatty acid 
of the liver of the hungry animal is not greater than that of its paired 
control, 


(a) Experiments with Rosenfeld’s method. Ordinary laboratory animals on a normal 
diet (mangolds and green-stuff) were put in separate cages, the control animal received 
normal food and the other hungered for two days. Water was given. They were killed 
by severance of the jugular veins and the carotids, and the liver excised, minced 
3 The extractions proceeded side by side throughout. Results in the following 


| Gg * 
4 6580 6770 0765 11°30 335 
„ 5 555 6178 0896 14°50 650 6075 1484 24°43 

6 505 6022 0-634 10°53 550 6747 1907 28°26 


Z 

Rabbits. 

Normal Fasting 

. Liver wt. Ter cent. Liver wt. Per cent. 

4 Body wt. dry Extract extract Body wt. dry Extract extract 

Exp. 1 3822 g. g. 34718. 18°81 2980 g. 1617g. 2•999 g. 18°66 

„ 2 1950 1148 11°18 2800 1545 4644 30°06 

„ 3 2745 22°97 3'037 13°22 3010 (29-27 

% Two unpaired estimations on hungry guinea-pigs were made, and one on a hungry ; 
rabbit, Results. 
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gut 
Body wt. Liver wt. dry Extract Per cent. extract 
Exp. 7 650 9-044 g. 2-468 27°28 
» 8 580 7°264 16011 22°04 
Rabbits. 
Exp. 9 jie 17˙8 g. 4-05 28-15 


Further experiments with the other methods are given in detail 
below (Expts. 12—23, Tables I. to VL). Summarising the whole and 
averaging we obtain the following results :— 


Controls Hunger 

. No. o Por cent. extract in Duration No. of 

Method Animals Moist liver Dry expts. Most er Dry liver of hunger expts. 
Rosenfeld Rabbits —— 12-74 8 — 25°28 2 days 4 
Guinea-pigs — 12°11 3 — 23°41 Sa 5 

Weinland - Pflüger - 
Dormeyer Rabbits 2°28 758 6 3°32 12°14 Ss 6 
Per cent. fatty acids Per cent. fatty acids 

Kumagawa Rabbits 1°49 5-06 1 569 17°82 8 „ 1 
Guinea-pigs 1°37 4°79 1 5°29 16°83 1t0 8 days 3 
- Rabbits 2-21 6°99 1 691 18°56 its „ 5 
Kumaga wa Rabbits 2°47 8-78 1 411 14°41 143, 2 
Guinea-pigs 2-60 8°42 3 8°32 23°58 Itos „ 3 


Thus in 19 controls and 29 fasting animals a short period of hunger 
increases the percentage of ether extract or fatty acids in the liver two 
or threefold. No errors of estimation can influence this result. There 
can be no doubt that in these experiments the substances in the liver 
which are soluble in ether or petrol-ether increase greatly in percentage 
after a short fast, and that this increase is due to pure fats. 

(b) On the meaning of this rise in percentage. It is clear that this 
rise in percentage of pure fat in the liver of hungry rabbits and guinea- 


pigs, constant and often very great as it is, apart from other data, means 


nothing. 

I conceive that during a short fast little or no change takes place in 
the number of cells in the liver. It is true that increase’ of the nuclei 
in the cell has been described. This may mean a proliferation. But 
dividing nuclei have not been described. Nor is it probable that either 


1 Abstr. Schwalbe. Litt, ut. p. 225. 1898. 
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proliferation or disappearance of the cells would happen. What does 
undoubtedly happen (data will be given later) is a diminution of the 
mass of the liver. This is very marked in the rabbit. Presumably the 
cell decreases in. volume, which means that weight for weight a hunger- 
liver contains more cells than a normal liver. The effect of this would 
be to show more nuclei per cell area (a section of given thickness would 
show a greater proportion of the cell), and send up the percentage (say) 
of fats or nitrogen in the solids of the liver. Assume that the fat 
remains constant per cell, then a disappearance of glycogen would send 
up the percentage of fat in the liver. A rabbit of 2 to 3 kg. weight 
will yield 8—15 gms. glycogen from its liver; d. anything up to 18 % 
of the fresh liver or 50% of the solid matter. If this glycogen suddenly 
disappears (it does almost entirely after one day’s hunger’) the percent- 
age of fat in the dry liver would double. 

In the first two days’ hunger it is reasonable to assume that beyond 


the disappearance of glycogen from the liver nothing else revolutionary _ 


takes place there. The glycogen in the liver and muscles would 
theoretically suffice for the maintenance of temperature for two days. 
This is a further reason for caution in accepting the above tabulated 
results as indicating a fat infiltration. 

To obviate these criticisms the fat in the liver must be compared to 
some standard. There is no evidence that the liver weight falls at the 
same rate as the body weight, as the following figures show. 


_ Exp. 21. Rabbits. Series III. Protocols: see below.] 


i, Days’ bunger:— 0 1 2 8 ‘ 5 Notes 
Liver wt. 
final body wt. 256 162 160 +150 10 Summer, Abund- 


Liver wt. ant food. 
initial body wt. 256 159 # «1°58 129 144 158x107 : 


2 


Liver wt. final body wt. 2˙67 1-94 2°05 %/, Summer, Abund- 


Liver wt.+-initial body wt. ~ 2-67 1-90 1-89 ant food. 


20. Guinea-pigs. Series I. 

Days’ hunger:— 0 1 8 
Liver wt. Anal body vt. 2% 801 816 Summer. Abund- 
Liver wt. . initial body wt. 287 | 2-64 2°49 251 ant food. 


4 
* a 
Exr. 22. Supplementary Series. 
: 1 See below, p. 811. 
* 
* 
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Exp. 28. Series II. 
Days hunger 0 1 2 3 


Liver wt. E Amal body wt. 888 294 278 272 814 295 Summer. Abund- 
Liver wt. L initial body wt, 988 294 278 255 287 267 ant food. 


Exprs. 12—14. Rabbits. Series I. 
Days’ hunger: 0 2 


Ax A. 


Liver wt.+final body wt. 290 275 256 282 219 206 Winter. 
Liver wt.+initial body wt. 290 275 256 218 198 1-86 


Exrrs. 15—17. Rabbit. Series II. 
Days’ hunger: 0 2 


* A 
— 


Liver wt.+-final body wt. 6°20 244 360 215 895 283 Winter. very well 
Liver wt. L initial body wt. 620 244 860 204 919 220 fed animal. 


Rabbits, it is seen, lose heavily in liver weight on the first day of 
hunger, and at a greater rate than they lose body weight. This would 
be more evident were the systemic weight (body weight corrected for 
the weight of the intestinal and bladder contents) used in the calculation. 
Guinea-pigs, though they lose in liver weight in hunger (see the 
quotient, liver wt. + initial body weight), lose body weight, on the other 
hand, more rapidly than liver weight (see quotient, liver wt. + final 
body weight). Consequently to discover whether the fat remains 
constant in the liver during hunger or varies in amount, the only possible 
quotient is: total fat of the liver - the normal body weight (i.e. body 
weight at the commencement of the experiment) of the animal used. 
Correction has not been made for the intestinal and bladder content— 
the results of the experiments to be detailed were striking enough 
without. Such correction would exaggerate the results. 

Some objection may be taken to this quotient. The liver is said to 
be the most variable organ in the body. This is true within limits. 
But rabbits of about the same weight, at the same time of the year and 
with the same treatment show a constancy in liver weight. Guinea- 
pigs show an even greater constancy. But the point is not whether the 
liver weight is constant, but whether the quotient in question is 
constant. I shall give evidence to show that, with the exception of one 
or two anomalous animals, it is. , 


— 


The later metabolism experiments. 
The use of this quotient by itself determines only whether the fat 
of the liver remains constant or not in hunger. To ascertain the source 
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of an increase, if increase there be, the number of further useful data is 
limited only by the endurance of the experimenter himself. Earlier 
experiments failed only through lack of these data: It was decided in 
the programme of work in Munich that the animals used should be at 
least a week on the same diet before they were used. Later it was 
found necessary to keep not only the sexes apart (that was done from 
the first) but each animal in a separate cage to itself. Otherwise its 
weight may show extraordinary fluctuations. The food given was 
abundant (Rabbits, Series I., Expts. 12—14, an exception), and during 
the animals’ stay in the animal house they showed a good increase in 
weight. Early in the morning of the experiment the laboratory 
assistant removed all food from the cages, and some four to five hours 
later the control was killed. This interval was interposed in order to 
smooth over the differences made by the idiosyncracies of the animals 
in the time they took food. 

In the first series of rabbits only the initial and final body weights, 
the rectal temperature (3 minutes), the weight and percentage solid of 
the liver, and its glycogen and petrol-ether extract were estimated. In 
the second series of experiments the estimation of nitrogen in the liver 
was added. The period of hunger was two days invariably—a thing 
found to be a mistaken policy later. In the third series of six rabbits 
one was used as control (the finest), one hungered one day, one two days, 
and so on. The body weights were taken each day; the rectal 
temperature immediately before death, weight of the liver, its 
percentage solid, nitrogen, glycogen, fatty acids, and unsaponifiable 
lipoids were estimated. The iodine value of the pure fatty acids was of 
found, histological preparations of the liver made, and two 23 hours’ 
respiratory quotient researches on Rabbit 6, the 3rd and 5th days of its 
fast were carried out. A male rabbit was chosen for this purpose and 
catheterised before each entry into the respiratory apparatus. The 
nitrogen in the urine was estimated for the 3rd, 4th and 5th days of 
the fast. 

With guinea-pigs no such elaboration, unfortunately, was possible. 

In the first series, four were used; one as control, one hungered one 
day, one two, and the last three. Body weights, temperature in the 
thorax immediately after death, percentage of solid, of fatty acids and of 
unsaponifiable lipoids of the liver were ascertained. In the second series 
three were taken as controls (one heavy, one light and one of medium 
body weight), and three hungered as in the first series. ‘This control 
seemed to me fairer than choosing the heaviest nn done in 
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previous series. Estimations were as in the first series, but histologic 
preparations were added and the iodine value of the fatty acids 
determined. 

(a) Eaperiments on Rabbits. Series I. Expts. 12—14. Rabbits. Bought 1907 
x. 81. Body weights when bought and sex: 2588 g. 2, 28803; 2400 2, 25089 ; 2488 2 
and 2560¢. Diet: oats, hay and green food. Animals paired in the order above and 
used 10, 20 and 31 days later. Period of hunger: 2 days. Glycogen (Briicke-Kulz). 
Lipoids (Weinland-Pfliger-Dormeyer). 


1 
4 Es E sit 

— 0 

2592 163 

255 


— 
3 
Total extract in Normal wt., 


12¢ 5-08 x 10 8-786 14°09 x 10 22°74 
184 1-492 6°27 wn 49 „ 2˙663 13-98 
144 1°109 5°14 0°724 8°36 „ 1-838 11-82 
125 1˙895 6°88 0-090 8°27x10-> 1-985 12°27 
18 5 1-186 5-09 0-205 8°78 x 10 1-391 11°11 
145 1-026 4°50 0-185 8°10 x 10-5 1-211 10°44 


It will be seen that only the first pair shows any rise in hunger of 
the fat quotient (total extract + initial body weight), and that that rise 
is not striking (36% ), whereas the other pairs show a marked decrease. 
This decrease takes place in spite of the rise in the percentage of the 
extract. A closer examination of the figures shows however that the 
two latter pairs were in a slightly pathological condition. Their body 
weights had fallen since they came into the laboratory animal house. 
They had received food insufficient to withstand the cold of the Munich 
winter (the animal house was not heated), and had depleted their fat 
reserves, Consequently two days’ hunger reduced the fasting animal of 


TABLE I. Rabbits. Series J. 
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the last pair to a rectal temperature of 36°60° C., a temperature which 
is pathologic for the rabbit. 

Turning to the other data which are not so important to the main 
thesis we see that the percentage solid in the liver falls regularly some 
2% after two days hunger—a fact referable in part to the disappearance 
of glycogen. In the latter a very striking change is seen: two days’ 
hunger altaost entirely removes the glycogen from the liver. 

It was decided to repeat the experiments, but on animals thoroughly 
well fed and equipped to stand the rigours of the Munich climate. 


Series II. Expts. 15—17. Rabbits. Bought 1908 xu.4. Body weights and sex: 
8548 g. 2, 3242 2; 29599, 2768 2 25484, 2878 6. Heavy diet of maize, oats and wheat. 
1908 x1. 14, each placed in separate cage to prevent sudden fluctuations of weight. 
Animals used in pairs in the order given above 35, 42 and 49 days after purchase. Period 
of hunger: 2 days. Fasting animals during their fast placed in the animal room, 


temp. between 16° and 17°5°0. Glycogen (Pflüger), nitrogen (Kjeldahl), and lipoids 


(Weinland - Pflüger-Dormeyer) estimated. 


A 


lba 7 3915 — 568 89°30 242°72 71:45 29°44 248 668 477 12:18x10-* 


16 7 3406 — 0 398 39°90 83-20 23:32 28:03 255 908 212 6˙22 

174 ¢ 8210 — 0 450 39°05 115°7 3469 29-98 261 872 802 9-42 

156 ¢ 8712 3526 186 447 38°95 75°82 22°23 2932 464 15°81 352 947 

166 ¢ 8815 2675 640 285 38°45 105°75 28°90 27-32 3-23 11°81 3-41 10°30 

17> ¢ 3560 3368 192186 39°30 7848 20-31 25°88 3-93 15°17 308 98°66 


8°68 17°40 19°52 83°7 
9°16 17°30 30°94 89°2 
7°22 16°50 20°21 90°9 


* TABLE II. Rabbits. Series II. 
¥ 
an 
8 
8 = 
FE 
8 
4 7 F = 
a: 85 25 2 % E 
Iba 2948 762 10-8 5-025 12˙88 „ 10 2956 68°76 89-2 
4 l6a trace — 2°957 
174 1062 381 10 2-940 
15 019 418 2˙679 
16 5 088 11˙4 „ 10 3-644 11-00 21-44 25°23 87°38 
3 17b 014 888x107 2-414 6°78 14°20 | 17-42 85°8 
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The results of these experiments are as nugatory as the first, though 
there is the usual rise in the percentage of petrol extract in the 
hungry animals’ livers. There is even a case for a disappearance of fat 
in hunger, for the fat-quotient in the control animals has a mean of 9°6, 


whereas in the others the mean is 91. But then the control of the first 


pair has a liver that is some 100 % larger than any I have met before or 
since—6'2°/, of the body weight as compared with the normal winter 
(i.e. large) size of 2°5 to 30 On the other hand the pair that shows 
an infiltration shows at the same time obvious signs of poisoning. The 
control has a high temperature and all glycogen has disappeared from 
the liver—some 8 to 10 gms. was expected—while the fasting animal 


lost 640 gms. body weight (19°/,) during its two days’ fast, passed a 


large quantity of urine, and showed considerably more than a trace of 
glycogen in the liver. (This I believe to be a sign of proteid 
decomposition.) The urine however contained neither sugar nor 
proteid. The only trustworthy pair then shows a slight diminution in 
the fat-quotient after two days’ hunger. 

For the rest the percentage of solid in the fresh liver falls in the 
fasting animals, the improved feeding keeps the animals more nearly of 
constant temperature in hunger, glycogen practically disappears from 
the liver, and some 83—91 % of the solid of the liver is accounted for. 
The fall in percentage solid is, as was said above, in part referable 
to the disappearance of glycogen. It is interesting to note that the 
liver of the control that contained no glycogen is deficient in solid. 

It was then determined again to alter the method of experimentation 
and to use a series of animals, varying the time they fasted. It was 
thought that if there were at any time an infiltration, the earlier 
experiments were such that it was already over, and the later (the 
animals being so very well fed and attended to) that it had not yet 
shown itself. This idea was strengthened by the fact that two animals 
used to test the Kumagawa method, the hungry animal fasting three 
days instead of the normal two, there was a great rise in the fat- 
quotient. 


Exp. 18 4. Control rabbit. (For protocols, see p. 289.) ¢ Body weight 3877 gms. 
Intestinal contents 353 gms. Temp. 38-88 C. Liver wt. (fresh) 101°4 gms.; (dry) 
29°20 gms. % solid in liver 29°20. Fatty acids 1°49°/, of fresh and 600 / of dry 
liver. Total in liver 1°512 gms. Reckoned as fat 1582 gms. Fat-quotient 4°69. 

Exr. 18 b. Hungry animal. (For protocols, see p. 287.) ¢ Body weight 3558 gms. 
8375 gms. after 3 days’ hunger. Intestinal contents 186 gms. Urine 110 gms. Temp. 
88-37°C. Liver weight (fresh) 70°20 gms.; (dry) 22°40 gms. % solid in liver 81°90. 
Fatty acids form 8-69 % of the fresh and 17°@2 °/, of the dry liver. Total in liver 
3°993 gms. Reckoned as fat 4-177 gms, Fat-quotient 11°74. 
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We have here a pair of animals as normal as could be wished for 
experimental purposes, and there is a large increase of fat in the 
liver of the 2nd after 3 days hunger. The fat-quotient is 250°/, greater, 
and the percentage solid of the liver is higher in hunger than normal. 
Both point to an increase of fat, and the latter to a fatty infiltration. 

The animals were in good condition throughout ; they were lively, 
nor was any abnormality observable in their functions either ante- or 
post-mortem. Nos, 215 and e (one day and four days’ hunger) had 
a very slight diarrhea. All the fat depôts were at the end of the 
experiment by no means depleted. From the fourth rabbit (three days’ 
hunger) over 80 gms. fat was removed from the mesentery alone, and 


there was more around the kidneys. The loss of weight proceeded 


regularly. The last animal had lost 361 gms. (corrected for urine) or 
1195 % Jof its initial body weight, but some 200 gms. loss must be 
ascribed to the emptying of the intestines. That means that after five 
days’ hunger the systemic weight had fallen only 5°0°/,, The tempera- 
tures of the animals show some variation it is true, but a high level is 
maintained ; the lowest recorded was after 24 hours’ hunger only. This 
initial dip in the temperature was confirmed in a later experiment. The 
urine passed on the third, fourth and fifth days of hunger by the sixth 
rabbit contained 1°171, 1134, and 0743 gms. nitrogen respectively. 
This corresponds to a break-down of 6°89, 6°68 and 4°37 gms. proteid 
(assuming the ratio N:proteid=17:100). Such a break-down— 
04 gm., 0°38 gm. and 0°25 gm. per kilo body weight in July—though 
not minimal’, cannot be said to be pathologic, especially as it is still on 
the down grade. 

But there is strong evidence of an increase of fat in the liver on 
three out of the five days’ hunger. This is shown by the fat-quotient 


Series III. Rabbits placed in separate cages on a full diet of maize, oats, wheat and 


green-staff. Five months later, food was removed from all early in the day. Control 
killed by a blow on the head 11 a.m, The other five kept without solid food one, two, 
three, four and five days respectively. They were killed in the same manner about the 
same hour of the day and the liver excised rapidly. The liver was weighed, cut into 


small pieces, mixed, again weighed and all but about 12—15 gms. thrown into 100 c.c. ä 


pieces histologic purposes. On the larger amount glycogen (Pflüger) and fat 
estimations (Hartley-Kumagawa) were made. g 


The results are shown on Table III. and the first curve „ 8), and the histological 
appearance in Plate II. * 


* Compare figures given by Kauf / 
Erwin Voit, ibid. p. 107. N Zeitschr. J. Biol. xix. p. 78, 1901, and by 
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and by histology. That it is infiltrated fat is suggested by the iodine 
value of the fatty acids, and, in part, by the percentage of solids in the 
livers. 

The fat-quotient rises from 6°22 on the first day to 9°87 on the 
second (24 hours after the control was killed), only to fall again on 
the third and fourth days below its normal value. On the fifth day 
(i.e, at the end of four days’ hunger) there. is a huge rise—over 100 °/,— 
and on the sixth day a fall from this position to a point still some 66 °/, 
above the normal. Thus in three days out of the six there is sign of a 
large increase of fat in the liver. 

The iodine values are also very suggestive. Hartley's paper 
showed conclusively that the fat of the liver has a high iodine value, 
whereas that of the fat depots has a low one. Whence, if a migration 
takes place from the depots to the liver in hunger, this would show 
itself in a fall of the iodine values on the corresponding days. As the 
fat-quotient increases, the iodine value should fall. If current ideas 
regarding the low iodine value of herbivore fat are true, this should be 
particularly obvious in these experiments, for the animals were bought 
at a very cold season of the year, when undoubtedly somewhat thin, 
and placed on a diet rich in carbohydrates. They gained weight rapidly, 
and the smallest increased by 500 gms. The depét fat should therefore 
have an abnormally low iodine value. 

The results amply justified predictions, as the curve of the iodine 
values shows. Plotted upside-down the iodine value curve shows a 
striking parallelism to the fat-quotient curve. On the third day (the 
second day of hunger) the iodine value does lag behind the fat-quotient 
curve—a result not at all astonishing. Otherwise the peaks and the 
valleys of the curves show a striking cvincidence, and the iodine values 
of the fatty acids strongly confirm the increase of fat on the second, fifth 
and sixth days of the experiment, and give evidence of an infiltration 
from the fat depots. 

The third and fourth days of the experiment (second and third of 
hunger) show a fat-quotient lower than the control—a fact that readily 
explains the nugatory results of the first two series, Expts. 12—17. In 
those the choice of the two-day period of hunger was arbitrary, and in 
view of later experiments mistaken. The initial rise was invariably 
overlooked, and the second pulse, probably never reached except in 

Expt, 18. If such a double pulse of fat infiltration is normal, it is 
useless to proceed by any other method than that of serial experiments, 
for difference in the time of year, in the diet of the animals and in 
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unforeseen variables may compress or expand the curve laterally and 
otherwise alter its relations. 

The curve of percentage of solid in the fresh liver confirms the fat 
infiltration on the day of the greatest rise in the fat-quotient. From 
31°6 % the result in the normal animal, it rises to 35°5°/,; this is far 
above the highest I have ever observed in the rabbit. If there be an 
infiltration it should be shown by such a rise in the percentage solid. 
But the first rise in the fat-quotient has no parallel in the percentage 
solid curve. Instead of a rise there is a fall, which on a reasonable 
interpretation is due to the almost total disappearance of glycogen from 
the liver. A disappearance of 7 gms. glycogen would mask an infiltration 
of, at the most, 1 gm. fat. 

Lastly the histological preparations (Plate IL.) show a great qualitative 


and quantitative likeness to the curve of the fat-quotient. As was 


almost expected the parallelism between the histological results and 


the percentage amounts of fat. in the liver is even greater. There is no. 


doubt whatever that maximal appearance of fat in the cells corresponds 
with the crests of the fat-quotient curve. 

The normal rabbit liver never shows any large amount of fat and 
rarely more than a small globule (2—3 f in size) per field of a +,” 
objective. In the examples shown in Plate IL a field was chosen so that 
the fat visible was maximal in amount in the normal preparations, Far 
otherwise is it with the preparations made from the hungry animals’ 
livers, A first maximum is reached on the first day of hunger—each 
cell contains a crowd of globules. The second day of hunger there is 
fat in the liver, but much less than on the first day and showing the 
crescent appearance, as if partly metabolised. On the third day there 
is more fat than on the second, but less than on the first day, with here 
and there a large unbroken globule as if a second infiltration were 
beginning, A second maximum is reached on the fourth day of hunger, 
the cells showing a colossal amount of fat, coinciding with the second 
maximum of the fat quotient. On the fifth day there is a very large 
amount of fat, though rather less than that of the fourth day. The 
three ‘high fat-quotients correspond to a large amount of microscopic 1 
in the liver, and the three low to a small amount. 

The respiratory quotients of Rabbit VI. on the third and fiſth ji 
of hunger (0°77 and 0°75 respectively) show that the animal is principally 
consuming fat. The carbon leaving the body as CO, on those days is 
1481 gms. and 1301; the nitrogen (as stated above) of the urine 1°171 
gms. and 0°743 gms. Calculating this nitrogen as all arising from 
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proteid, it corresponds to 6°89 gms. and 4°37 gms. proteid. Therefore four 
times as much carbon appears in the respired air as could have arisen 
from the proteid. There is no carbon retention in this animal, no 
possibility of the fat increase in the liver being due to a transformation 
of proteid into fat. The increase is due to a true infiltration, an immi- 
gration of fat from the fat-depéts. 

Oving to a small loss of crude extract through ‘creeping’ in each of 
the first three estimations, the experiments were repeated. The loss 
was estimated at about 1°/, In the curves of the fat-quotient, to be on 
the safe side, it was assumed that 5°/, was lost in the normal rabbit's 
crude extract, and the quotient was increased by that amount. No 
corrections were made of the quotients for the 2nd and 3rd days (Ist 
and 2nd days of hunger), so that the observed increase of fat on the 
second day (Ist of hunger) should be greater still. In spite of the fact 
that such corrections make no appreciable difference to the argument, it 
was considered absolutely necessary to repeat the fat estimations of 
the first three days of the experiment. This was done, and a close 
confirmation of the earlier serial experiment (21) resulted. 


08. vm. 11. Three rabbits which had been in the laboratory since March had their 
food removed early in the morning. At 11 a.m. the control was killed, the second 24 hrs. 
later, and the third 48. Percentage solid and fat estimations (Hartley-Kumagawa) made. 
For results see Table IV., Fig. 4 and Plate II. ; 


It will be seen that the results confirm those of the first series 
astonishingly well. The histological preparations (la and 2a Plate II.) 
were practically interchangeable with those of the first series, There 
is the same increase in microscopic fat after 24 hours’ hunger, and a fall 
similar to that in the first series after 48 (Plate II. 3). There is the 
parallel increase in the fat-quotient, from 6°90 to 9°74, and the parallel 
fall on the next day to 6°56. The iodine values of the fatty acids fell from 
97 to 63 on the second day, suggestive of an infiltration, and on the 
third day rose again to the normal, On this day the iodine value has not 


lagged. behind as in the original series. One difference to be seen is in 


the percentage solid of the liver, which rises parallel to the rise in fat- 
quotient instead of falling as was expected. Unfortunately no glycogen 
estimation was made, so that the above suggested antagonistic effects of 
fat infiltration and glycogen disappearance cannot be tested. The 
likeness of the two sets of results extends to unimportant details. The 
temperatures of the animals show the same sort of curve. The percentages 
of unsaponifiable lipoids in the crude extract were 1809 /, 9°06°%/,, 
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and 12°74°/, on the three respective days. In the first series they were 
22-36 /, 9°46 / and 12°66°/,. The quotient: unsaponifiable lipoid + 
body weight on the three days reads 1469 x 10, 927 * 10 and 
9°15 x 10 as compared with 16°30 x 10 9°86 x 10 and 830 x10~. 
Considering the fact that the extraction of the unsaponifiable lipoids is 
difficult and that the body weights of the animals used varied much 
more widely in the supplementary series (owing to exigencies of time) 


than in the first series, these two sets of figures show a likeness that is 


difficult to assign to coincidence. On the whole (except in the one 
point of percentage liver solid) the supplementary series confirms the 
first three days of the original series very well indeed, and a fat in- 
filtration of the liver after 24 hours’ hunger is rendered highly 
probable. | 

There is, then, in Expts. 21 and 22, a parallelism of histological 
results with the fat-quotient and the iodine value of the fatty acids 
recovered; such parallelism is a very strong case for a fatty infiltration 
brought about by hunger. 

(8) Eaperiments with guinea-pigs, The fat infiltration of guinea-pigs 
liver caused by hunger is more easily demonstrable than that of rabbits. 
The animal is less variable, and the increases of fat are larger. Instead 
of a rise in the fat-quotient of 100°/, (the maximum in the rabbit) I 
have one case of a 400°/, rise. | 

The fat-quotient rises from 410 x 10 that of the normal animal 
to 11°81, to 13°20 and to 1706 after 24, 48 and 72 hours respectively: 
the maximal rise is some 300% Expressed in another way: an animal 
which has fasted 72 hours and was initially 40 gms. lighter than the 
control animal has nearly four times as much recoverable fatty acid in 
its liver. Making all allowances for the Kumagawa method of estima- 
tion, and assuming that the control fat has oxidised to a greater extent 
than that of the others, there would still be a rise of at least 100°/, in 
the fat-quotient. Later results with the Hartley-Kumagawa method 
gave a quotient 8—9 x 10 as the normal for a guinea-pig. Accepting 
this and neglecting the partial oxidation of the fat in the fasting 
animals, we still have a rise of 100 % in the fat-quotient, 

The percentage of solid rises continuously in the liver, while the 
temperature chart, which is fairly steady, shows that the lowest 
temperature observed is that of the control. There was no sign that 
the animals were in a pathologic state. They were frisky throughout, 
and on post-mortem examination showed large deposits of fat in the 
mesentery. 
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Expr. 20. WW Body weight and sex: 598 gms. ¢, 
488 2, 548 g and 4607. Fed abundantly and kept separate in the animal room till used. 
Solid food removed 10 a.m. 1908 rv. 30. Control killed 2 p.m. by decapitation, the 
second 24 hrs., the third 48 hrs., and the last 72 hrs. later. Temp. taken in thorax 
immediately after death. °/, solid and fat estimations (Kumagawa). Results, see Fig. 5, 
and Table V. 


TABLE v. Guineapige. lee Series. 


12 # 
hii 
20 4 4 0 692 692 0 44 88°55 19°83 5671 28°63 
20 5 7 1 549 483 66 206 89-70 14°52 4°826 29-80 
2c 7 2 591 471 120 17% 39-30 14°70 475 31°18 
20d é 3 659 522 137 15 39°07 16°52 §°418 82°76 
3 


20d 4°27 14°34 0-6203 06438 1181 10 
We 5-08 16°30 0°7457 0˙7800 13°20 x 10-* 
20d 6°51 19°86 1075 1124 17-06 x 10-* 


8 39 


| Fig. 5. 
Expta. 20 à to d. Guinea-pigs. Series I. 


Abscissa : (a) 
(e) fat-quotient. 
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Oving to the criticisms of the Kumagawa method of fat estimation, 
whieh subsequent work (see above pp. 288—289) enabled me to make, it 
was decided to repeat this series of experiments on guinea-pigs, * 
the modified Hartley-Kumagawa method. 


Exp. 28. Six guinea-pigs bought 1908 vu. 9 and put in separate cages on the 
diet, Early on the 18th food was removed, and at 11 a.m. three (the heaviest, the 
lightest and one of medium weight) killed by decapitation. Temp. read in thorax 
immediately after death. One animal fasted 24, one 48 and one 72 hours. Fat, iodine 
value of fatty acids, and % solid estimated, Histologic preparations. For results 
see Table VI., Plate III. and curve (Fig. 6). 


Exp. 
Duration of hun- 
ger, days 
body 
body vt. 
body 
of 
of 
in 
of 
in gms, 
cent. 


a i. 0 686 686 — 38 ˙2 26°58 8°49 81°95 
28 a ii. 0 612 612 — 38°5 18-01 5°56 30°86 
W a iii. 0 515 515 — 38-02 14°05 4-24 80°14 
28 b 1 539 506 38 38°73 18°75 417 30°32 
23 0 2 567 5”) 47 38°77 16°31 6°39 39°16 
23d 8 690 60 38°45 16°83 5°00 29°78 
i, 
LE 
˙ ii 
28 a i. 2°17 6°78 0°5759 0°6024 8°78 x 10 95°52 
28a ii. 2°55 8°25 0˙4586 0°4797 7°84 98°15 
28 a iii. 3-09 10°23 0°4475 04680 9°09 ? 
23 5-08 16°75 0-6984 0°7805 18°55 77 64 
230% 37°89 2-889 2°498 44-06 108-7 
23d 5°24 17°61 0°8810 0°9215 14°68 


The fat-quotient for the three controls has a mean of 8°57; the 2nd, 
Zed and 4th days of the experiment (one, two and three days hunger) 
show a quotient of 13°55, 4406 and 14°63 respectively. This is an 
increase of 58 %, 410°/, and 70°/,'. These results are closely parallelled 
by the histological results (see Plate III.), the preparation of the liver on 
the 2nd day of hunger being very striking. The enormous increase in 


Oe the crv thn ok ery acount of the dwarfing effect 
of the enormous rise on the third day. 
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that day shows itself in the percentage solid data. The solid rises from 
the mean of 30°9°/, to 39°16 °/,—the highest result yet obtained with 
hunger infiltrations. But the other smaller fat increases do not affect the 
percentage solid. The temperature chart shows little variation; it 
resembles in form that of the first guinea-pig series. The mean 
‘temperature of the three normal animals is lower than that of the 


a c 

: 


| Fig. 6. 
Expts. 28 a to d. Guinea-pigs. Series II. 
Ordinates: days’ hunger. 
Abscisse: (a) temperature of animal. 
(b) percentage solid in fresh liver. 

; (c) iodine value of pure fatty acids of liver. 
4 (d) fat-quotient. 
hungry ones. In the iodine values we have, it seems, some other 
process at work, It is true there is an initial fall in the iodine: value 
: corresponding to the first rise in the fat-quotient, as was expected. But 
1 there it ceases. The further rises in the quotient correspond to a rise 
| in the iodine value, so that the last animal has an iodine value for the 
liver fatty acids of 115 in place of the normal 96°8. There is here 
something at work quite different from the rabbit series, and for the 
present I am inclined to argue, not from iodine values to fat infiltration 
1 in hunger, but to accept the increase of fat in the liver during hunger 
: (sufficient cases of which are given above) and from that to argue a 
fundamental alteration by the liver of the fat brought to it in hunger, 
an alteration in the direction of unsaturation to fit it for further 
metabolism elsewhere. 

Summary of experiments on fat. There is, then, considerable 
evidence in these serial experiments on rabbits and guinea-pigs of an 


Ii is suggested that this figure should be viewed from the left-hand side. 
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increase in liver-fat due to hunger. Rabbits which had been without 
food for 24 hours showed an increase in fat-quotient (estimated as 
fatty acid) of 50°/,. Experimental errors compared with this increase 
are negligible. A similar and much larger increase took place in those 
that fasted four and five days. Those that fasted two days (experiments 
with the Weinland-Pflüger-Dormeyer and the Hartley-Kumagawa 
methods) show no increase in the fat-quotient. These results are 
strongly confirmed by histological preparations. The suggestion is that 
these increases are due to infiltration of the liver by depot fat. This is 
confirmed by the iodine values of the fatty acids obtained and also by 
the great increase on the fourth day of hunger in the percentage of 
solids in the liver. ; 

In the experiments on guinea-pigs the evidence for a fat increase is 
very strong. In both series (four controls and six experiments) the total 
fat of the liver and the fat-quotients are far lower in the controls than 
in animals that have hungered 24, 48 and 72 hours respectively. In 
one case nearly five times as much fatty acid was recovered from the 
liver of a medium sized hungry animal (48 hours) as from a normal 
animal 50 gms. heavier. These increases are confirmed by histological 
researches, and, in part, by the percentage of solid in the livers in 
question. The iodine values do not, however, follow the increases in the 
fat-quotient. 

The results, on any reasonable usage of the word, are physiological 
and not pathological, I think there can be no doubt of the increase, 
and there is evidence suggestive of an infiltration from depot fat. This 
would bring these experiments into line with the other infiltrations of 
fat which are due to disturbed metabolism. The disturbing agency is 
hunger, however, and not a poison. | 

Glycogen and Nitrogen. It only remains to make a brief note on the 
glycogen and nitrogen content of the livers investigated. The glycogen 
content falls extraordinarily rapidly, so that one day of hunger in July 
almost entirely removed it (Exp. 215), and on the second and third day 
of hunger no more than a trace was found. This is on a par with all 
previous work, where two days’ hunger is seen almost wholly to remove 
the glycogen. There are indications that when the animal is unable to 
maintain its temperature (Exp. 14), or shows signs of poisoning in 
hunger (Exp. 16), or is in advanced stage of hunger (Exp. 2le), the 
glycogen rises slightly in amount. In these experiments Rosenfeld’s 
antagonism between fat and glycogen is not seen. Otherwise the 
antagonism is generally manifest except on the 2nd day of hunger 
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(seven experiments) and on the 3rd day (one experiment only) when 
both glycogen and fat have fallen to a minimum. 

This disappearance of glycogen in hunger shows how careful we 
must be in the acceptance of a percentage rise of fat in the liver as 
indicative of an increase in total fat or in the fat-quotient. This point 
is emphasised above (p. 294). | 

Of the nitrogen in the liver, if we exclude the two abnormal rabbits 
in Series II. Exp. 15a and 16) we can say that on the whole it remains 
constant in hunger, but that there is more nitrogen present in the 
normal animal’s liver than in the hungry. The estimations made in 
winter gave higher results when compared with the body weight than 
those in the summer. The interpretation of the nitrogen results is 
difficult, for only the total amount was estimated. Such substances as 
extractives may vary considerably, and we cannot assume that nitrogen 
represents proteid. This is brought out in the calculation of the 
percentage solid recovered from the liver. It will be seen that on days 
when either glycogen or fat (both of which can be estimated with some 
success) is present in large quantities, a larger percentage of the solid is 
recovered than in cases when they are low. 

It is reasonable to suppose that the grounds of this discrepancy are 
in the assumption made in the calculation that 17 parts of nitrogen 
represent 100 parts of proteid. 

Of the unsaponifiable lipoids it is too soon to speak. There is a 
certain amount of regularity in the results, but the methods of their 
estimation must be considerably improved before they can rank as 
trustworthy. 


4. SUMMARY. 


1. A huge increase in visible liver fat of rabbits and guinea-pigs 
after 24 hours’ hunger is invariably observable. 

2. This increase is not observed in the other animals examined. 

3. The rise is closely parallelled by a rise in the percentage of fat 
in the liver. 

4. Such rise in percentage is not always referable to an absolute 
increase of the total fat in the liver, but can often be shown to be due 
to the shrinkage of the liver in hunger. 

5. Nevertheless, there is strong evidence that in many cases a large 
increase in the total amount of fat in the liver is brought about by 
hunger. 

PH. XXXVIII. 21 
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6. Such increase is due (in rabbits at least) to a migration of the 
depét fat into the liver. 


7. Histological evidence (rabbits and guinea-pigs), and chemical 
evidence (guinea-pigs and to a less extent rabbits) suggests that the 
fat undergoes some change while in the liver. This change is in the 
direction of unsaturation of the fatty acid moiety. : 


On the whole the experiments detailed above fall very readily into 
line with the fat infiltrations described by Lebedew, Rosenfeld and 
many others. It is unnecessary here, in spite of Weinland’s' recent 
paper describing a case of conversion of proteid into fat, to discuss the 
possibility of the increased fat that appears in the liver being derived 
from anything but the depot fat. In hunger such a transformation from 
proteid appears useless and improbable, and to have no support from 
experiments on respiratory quotients’. The interest of the above 
experiments lies in the fact that it is hunger, and that of short duration, 
that causes this fat infiltration of the liver. There is no need for any 
harmful agency such as alcohol, antimony, chloroform, phloridzin and 
phosphorus; simple hunger is sufficient, and that of short duration. 
This confirms Rosenfeld’s assertion that the infiltrations he observed 
are physiological and not pathological, are regenerative and not 
degenerative. 

I cannot close this communication without expressing my sincere 
thanks to the physiologists of the Munich Physiological Institute where 
all except the preliminary researches were carried out. I regret that 
no words of thanks of mine can meet the eye of Carl Voit. None the 
less they are due to him and to his assistants, Professors Cremer and 
Weinland, for the kindness with which I was received there. Especi- 
ally are they due to Professor Weinland for his invariable willingness 
to sacrifice his time in manual assistance in experimentation, in 
suggestion, in criticism and in encouragement. 

Zeitschr. f. Biol. ux. 8. 197. 1908. 
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PLATE Il. 


Preparations of livers, Expts. 21 a to f and 22 à and b. Rabbits. Series III. and Supple- 
mentary series. Redrawn in black and white from coloured drawings. Black repre- 
sents fat. 

1 and 1 a (21 4 and 22 a), normal livers. 

2 and 2 a (21 b and 22 b), livers after one day’s hunger. 
3 (21 ¢), liver after two days’ hunger. 

4(2ld), „ thre „ 

5 (21 e), ” four ” 

6 (21 f), ” five ” 


PLATE II. 


Livers of guinea-pigs, Series II., Expts. 28a to d. Redrawn in black and white from 
coloured drawings. Black represents fat. 
la and 6(Expts. 23 a, i. and ii.), normal livers. 
2 (Expt. 28 5), liver after one day's hunger. 
3 (Expt. 23 ch, two 
4 (Expt. 20 q), ” three ” 
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(From the Pharmacological Laboratory, Cambridge.) 


CONTENTS. 
PAGE 
Introduction 814 
Secretin combines chemically with some substance inthe pancreas . bb 
(a) Some characters of secretin . 
(b) 
(e) The power of other tissues to destroy secretin Say . 819 
(d) Is secretin recoverable? . „ 832 
% 322 
. 826 
Discussion of results Sis . 881 
The mode of action of strychnine 332 
Conclusions 336 


Ehrlich! and Langley“ have adopted the view that living proto- 
plasm carries certain chemoreceptors, or contains chemorecepti ve 
substances, and it is by combination with these that drugs induce 
specific effects. The validity of this hypothesis forms the subject of 
this paper. 

The mode of action of secretin was investigated first, because this 
substance affects profoundly only one tissue in the body—the pancreas. 
It is true that it cannot be regarded as comparable with drugs proper 
since it belongs to the group of animal hormones which, as will be 
shown later, act differently from drugs of vegetable origin. As an 
example of the latter group strychnine was chosen since its action is 
specific and sharply confined to the medulla and cord. 

Method. Dogs were employed in almost all experiments when the 
activity of the pancreas was being measured. They were anwsthetised 


* The Harben Lectures for 1907 contain a summary of Ehflich’s views. 
— XXXVI, p. 286. 1908. 
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with chloroform and urethane, and also received an injection of morphine. 
In a few cases the animals were killed by pithing after the induction of 
ansesthesia. Pancreatic emulsions and secretin were obtained from the 
tissues of the dog, but fresh pancreas and duodenum of the sheep were at 
times procured from the slaughter-house. The strychnine experiments 
were conducted on rabbits and frogs, and the spinal cord for making 
emulsions was also obtained from rabbits. All animals were ansesthetised 
unless otherwise stated. Frogs had their brains destroyed by pithing. 


SECRETIN COMBINES CHEMICALLY WITH SOME SUBSTANCE 
IN THE PANCREAS. 


(a) Some characters of secretin. Our first object was to obtain a 
reliable and standard secretin. This body can be obtained in considerable 
amounts from the duodenum of all vertebrates, and we fail to appreciate 
why Popielski’ still insists on the nervous hypothesis of pancreatic 
secretion ; since nerve stimulation does not lead to secretion the necessity 
for such a hypothesis is wanting. 

By pounding the mucous membrane of the duodenum in a mortar 
with sand, extracting with water, and filtering through a Berkefeld filter, 
a clear filtrate is obtained. If this filtrate is boiled with acid and 
neutralised, it never contains secretin. The secretin then should be in 
the precipitate on the Berkefeld : but if this precipitate is scraped off and 
similarly boiled with acid it also is found to be destitute of secretin. 
Bayliss and Starling first showed that prosecretin was not con- 
tained in the filtrate and we have confirmed their results and have also 
shown that it is not present in the precipitate. The hormone has 
completely disappeared. It seemed possible though d priori unlikely 
that secretin might be destroyed by passing through a Berkefeld filter. 
We have found that a freshly prepared, clear and active solution of 
secretin ceases to be active after passing through a Berkefeld filter, at 
a pressure of about 5 mm. of Hg. We propose to show on another 
occasion what becomes of this. secretin. 

If then the prosecretin be soluble in water it is possible to conceive 
that it may be destroyed in the filter in a similar manner. These 


1 Arch. f. d. ges. Physiol. cxxt. p. 289. 1908. Popielski asserts that pancreatic 
secretion produced by the action of secretin however carefully prepared is invariably 
accompanied by a fall of blood-pressure. We have confirmed the statement of Bayliss 
and Starling that secretin prepared from duodenal mucous membrane which has been 
with: hot sloobol produces active pancreatic secretion without prodncing suy 
effect on blood-pressure. 
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i did not help in the preparation of a pure secretin, although 
they have provided us with a ready means of separating secretin from 
digestion mixtures, a method of which we have availed ourselves in 
later experiments. | 

If the duodenal mucous membrane of an ahimal be washed on a 
filter paper for five or six days with running water the prosecretin does 
not pass out, and is not destroyed provided that a drop of chloroform 
is added daily to prevent putrefaction. From such washed mucous 
membrane we have removed the depressor substances by boiling alcohol 
and ether and have prepared a relatively pure secretin from the residue. 
Prosecretin is therefore insoluble in water, alcohol, and ether, but is 
readily soluble in dilute acids. In those experiments in which a pure 
secretin was necessary it was prepared in this manner. 

If secretin is allowed to stand in unstoppered bottles in the laboratory 
during summer it is found to have practically disappeared within 24 
hours. If, however, the freshly made secretin after boiling is preserved 
in a sterile tube, so as to prevent bacterial action, and is kept in the 
dark to inhibit oxidation, it will remain active almost indefinitely, and 
it is thus possible to use a standardised preparation. A dried acid 
extract of the mucous membrane also keeps well (samples tested after 
storage for a year were found extremely active), so that at any time a 
standard solution may be prepared by dissolving a weighed quantity in 
water and neutralising’. 

It has lately been stated by Modrakowski’ that choline causes 
a pancreatic secretion which is not antagonised by atropine: he says 
it is identical with secretin. It is true that choline is present in 
extracts of the mucous membrane of the duodenum as it is in most 
animal extracts, and we have shown that the injection of 0°02 grm. 
of choline intravenously into a dog induces a secretion of one or two 
drops of pancreatic juice. Anyone however who can seriously suggest 
an identity between these two substances, choline and secretin, can 
never have observed the effect of a properly prepared secretin. The 
choline action resembles that of muscarine and pilocarpine, though it 
is much feebler; the action of all these bodies on the pancreas is 
insignificant compared with secretin, and is eliminated by atropine while 
that of secretin is not. von Fürth and Schwarz? also found that the 


* Latterly Parke, Davis and Co. provided us with an active secretin prepared by the 
method described. 

* Pfliiger’s Arch. oxxtv. p. 427. 1908. 
* Pfliiger’s Arch. cxxrv. p. 615. 1908. 
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pancreatic effect of choline is antagonised by atropine; they think however 

that some of the action of secretin may be due to choline. Their 

method of preparing secretin, though they state that it is after that of 

Bayliss and Starling, is unsafisfactory, since they appear to employ 

the whole duodenum rather than the mucous membrane. | g 
(b) The combination of secretin with pancreas. If an emulsion of 77 

fresh tissue, such as salivary gland, liver, or muscle be added to a solution | 

of secretin, the activity of the secretin is lost in a few hours. This. was 

shown by Delezenne for intestinal mucous membrane, but it is also 

true for almost all tissues in the body. The presence or absence of 

secretin in this case is determined by boiling the mixture, filtering, and 

injecting the filtrate into thecirculation of another animal, whilst recording 

the, flow of pancreatic juice. If the secretin has remained in contact 

with the tissue for a period under half an hour but little destruction 

takes place. 


Fig. 1. Dog. Urethane, chloroform, morphine. Vagi cut. Shows the effect of injecting 
a mixture of 4 c.c. pancreatic emulsion with 4 0. o. very active seoretin. At “A” the 
injection was made immediately after mixing the two, and at B” half an hour later 
a like injection was made except that the solutions had been allowed to incubate 
mixed together for eight minutes. Pancreatic juice recorded as drops. Time=seos. 
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It will be seen from the experiment, illustrated in Fig. 1, that 
inoubation of pancreatic emulsion with secretin destroys no more of the 


latter than is affected immediately the two are mixed, provided the 


incubation lasts no more than 10 or 15 minutes. Hence it is improbable 
that any considerable destruction of secretin, which occurs on mixing it 
with tissue cells for a strictly limited time, may be caused by oxidation. 

In the present experiments the tissues employed to neutralise the 
secretin were cleaned, weighed, and ground up with normal saline 
solution to form an emulsion of known volume. Varying amounts of 
the standardised secretin were added to 10 cc. of pancreas emulsion 
containing one gramme of fresh pancreas to 5—10 C. of water. The 
mixture was shaken for a period of one minute and was then 
boiled and filtered. The relative amount of secretin in the filtrate 
was determined by experiments on fresh animals suitably prepared to 
record the rate of secretion from the pancreatic duct. A long series of 
such experiments has shown that a definite amount of pancreas is 
capable of neutralising and destroying a fixed amount of secretin. 


Fig. 2. (Exp. 5.) Dog. Ohloroform, urethane, morphine, Record of blood-pressure and 
flow of pancreatic juice. Shows effect of injecting at A 5 ¢.¢. secretin from the 
dog; at B c.. emulsion of sheeps’ pancreas; and at C after a 20 minutes’ 
rest a fresh mixture of 5 c.c. secretin and 24 ¢.c. pancreas. Time=80 secs. 


Supposing that 10 cc. of pancreatic emulsion just neutralised 5 c.c. of 
secretin, so that on boiling the mixture no secretin was present in the 
filtrate, then if 6 c.c. be added to the same amount of pancreas 1 c.c. of 
the secretin would be uncombined, and after boiling and filtering would 
induce. a secretion of pancreatic juice comparable with that produced 
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by 1 cc. of the original secretin in the same animal. The two fluids 
neutralise one another quantitatively, compelling the view that the 
reaction is chemical in nature. This point is illustrated in Fig. 2, which 
shows, first at “A” the effect of injecting 5 cc. secretin, and at“C” a 
mixture of the same quantity of secretin with pancreatic emulsion. 
The amount of pancreas employed has nearly neutralised the secretin 
since only four drops of pancreatic juice are produced in 54 minutes, 
as the result of the injection. A slightly larger amount of the pancreas 
effected complete neutralisation. 

If the emulsion of pancreas is boiled before secretin is added it has 
no longer the power of neutralising any of the secretin; although when 
pancreas and secretin are first mixed.and then boiled the secretin ceases 
to exist as such. It may also be noted here that if the pancreas be 
frozen for one or more days, or if it be repeatedly frozen and thawed, its 
power of neutralising secretin remains unchanged. 


The pancreas, however, from different individuals varies very 


considerably in this action. A normal dog in good condition had its 
pancreas thoroughly exhausted by intravenous injections of secretin, 
Twenty minutes after the last injection the animal was killed and the 
pancreas emulsified ; it was found that this emulsion of pancreas had 
almost no power of neutralising secretin. Furthermore, it has chanced 
in two or three of our experiments that a dog’s pancreas was used which 
had little power of attacking secretin, and at least in two of these 


experiments the dogs in question were ill-nourished or suffering from 


disease. It has been made quite clear to us from many experiments that 
not only does the pancreas vary greatly in different animals in respect 
of its power for neutralising secretin, but it varies, also, within wide 
limits in animals of the same species, 

(c) The power of other tissues to destroy secretin. It now becomes 
necessary to consider whether this combination of pancreatic emulsion 
with secretin is specific, or whether other tissues exhibit a like action. 
For this purpose several different tissues were employed, but the most 
decided positive effects were obtained with the liver and salivary glands, 
and so we confine attention to these. Several experiments were 
performed in which definite quantities of standardised secretin were 
added to weighed amounts of liver, submaxillary gland and pancreas 
respectively. The emulsions after shaking for a definite period, 1 or 2 
mins., were boiled and filtered and the amount of secretin in the filtrate 
was determined roughly, by injecting a known quantity into an anwathe- 
tised animal. It was found that both the liver and salivary gland had 
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some power of destroying secretin, but that when a suitable pancreas 
was used the destruction of secretin by this organ was out of all 
proportion to that caused by the liver, salivary gland, or any other 
tissue in the body. Aud sometimes so decided is this difference that it 
is impossible to doubt that the effect of the pancreas is specific. In 
Fig. 3 at “A” the effect of injection of liver emulsion and secretin is 
shown upon a dog: it causes an active secretion of pancreatic juice, less 
however than that induced by the same dose of secretin given alone. 
When the same amount of secretin was mixed with a pancreas emulsion 
equal in strength to that of the liver emulsion the intravenous injection 
caused no flow of juice. 

Several hypotheses might be suggested to account for the partial 
neutralising action of liver and salivary gland emulsions upon secretin. 
It may be pointed out in the first place that emulsions of organs injected 
together with drugs materially influence the degree of activity of these 
drugs. Thus an emulsion of liver extract containing pilocarpine injected 
into a femoral vein induces less effect on the cardiac vagus than if the 
pilocarpine had been injected alone. It appears to act rather by 
delaying the absorption of the drug into the tissue upon which it acts 
than by any chemical effect. Further and more complete evidence on 
this point is given later, when the mode of action of strychnine on 
the spinal cord is discussed. This criticism is not, however, significant 
with emulsions of pancreas or liver and secretin, since these injections 
were made, for the most part, after boiling and filtering. Perhaps the 
most important fact in this connexion is that secretin has some action 
on both the salivary glands and liver, and it is quite possible that some 
of the destruction of this substance may be brought about during the 
induction of physiological activity as, in our opinion, is the case with the 


All these experiments then gu to show that secretin combines in a 
specific manner with some constituent of the pancreas. When the 
secretin has once disappeared from the emulsion by no procedure that 
we have adopted has it been possible to recover it. Some evidence has, 
however, been obtained suggesting that secretin may sometimes combine 
in a relatively loose way with some substance in the liver, this loose 
combination tending either to diminish or annul the specific action of 
the hormone. 

This effect is illustrated in Fig. 3. In this experiment a liver 
emulsion was added to standard secretin and the two were shaken 
together for three minutes: the emulsion was then boiled and filtered 
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and the clear solution assayed for secretin. An equal volume of the 
clear filtrate was boiled with 0°4°/, HCl, neutralised and also assayed 
for secretin. It was found in the latter case that the amount of secretin 
was increased. This effect was noticed only in the case of the liver and 
it is not constant: since, however, we have observed the effect three 
times we record the fact. These results may be explained by supposing 
that a small amount of secretin enters into some loose combination 
with a constituent of the liver, the secretin being so masked as to lose 
its characteristic activity, and that this combination may be broken up 
by boiling with acid so as to liberate active secretin. Possibly the 
secretin enters into some condition of stable equilibrium such as pro- 
secretin, but prosecretin cannot be the substance under discussion since 
prosecretin is insoluble in water whilst this substance is soluble. 


Fig. 3. Dog. Urethane, chloroform, morphine. Blood-pressure and flow of pancreatic 
juice. Shows the effect of injecting at A 7 e. of the filtrate obtained after 
emulsifying 5 grms. of liver, 10 c.c. of secretin and 25 C. 0. of water, and boiling after 
three minutes. B shows the effect of injecting the same dose but the filtrate was 
in this case first boiled with acid and then neutralised. Time=seconds. 
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(d) Is seoretin recoverable? It now becomes necessary to determine 
what becomes of the secretin. It has been pointed out already that 
“in vitro secretin combines with some constituent of the pancreas, 
and that to a much smaller extent it is destroyed also by the liver and 
salivary glands, and furthermore that a very small quantity of it may 
enter into so loose a combination with the liver that, for a time at any 
rate, it is recoverable by boiling with acid. 

Dogs were anesthetised and secretin was injected into the circulation 
during the course of two hours until it was found that the pancreas 
hardly responded to further injections. In this condition, 20 minutes 
after the last injection of secretin the animal was killed, and extracts 
were made of the pancreas, salivary glands, muscle and liver. These 
tissues when suitably emulsified were boiled with 0°4°/, hydrochloric 
acid, neutralised, filtered and assayed for secretin. Further, the consider- 
able amount of pancreatic juice obtained by this procedure was boiled 
with acid, filtered and neutralised and also assayed. No secretin was 
detected in any of these preparations except in the case of the pancreatic 
juice; two or three drops were secreted from the pancreatic duct of one 
test dog when the juice, previously boiled with acid, was injected. In 
most cases, however, no trace of secretin could be detected and when it 
was present its amount was always quite insignificant, representing the 
merest trace; still it is not without interest that a trace of secretin, 
even under such abnormal conditions as those in which it was administered 
in these experiments, should find its way into the pancreatic juice, when 
the pancreatic cells contained no trace of the hormone’. 

(e) The wyjection of tissue extracts during pancreatic secretion. 
From these experiments it is clear that the secretin, which may be 
present at any one moment in the general circulation of an animal, 
should be capable of removal by the injection of a pancreatic emulsion. 
To investigate this effect dogs were anwsthetised and the pancreas was 
made to secrete by the administration of an intravenous injection of 
secretin. If now whilst the gland is actively secreting an injection of 
pancreatic emulsion is made into the circulation the secretion rapidly 
diminishes, and if the dose is sufficiently large ceases entirely for the 
space of some minutes, and this may occur when the blood-pressure is 
little affected. Usually after some minutes inhibition the pancreas 
commences to secrete again though it does not attain to anything like its 
former activity. In Fig.2“B” such an injection of pancreatic emulsion 
is shown whilst the pancreas is actively secreting and it will be seen 
1 The animals were atropinised so that choline and allied bodies could have no effect. 
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that the secretion for the space of five minutes ceases entirely. The 
pancreas then recovers slightly and secretes sluggishly. After a rest 
active secretion is again readily obtained by the injection of further 
quantities of secretin. 


Fig. 4. Exp. 2. Dog. Chloroform, urethane, morphine. Shows the relative effect of 
pancreatic and liver emulsion on an actively secreting pancreas. The emulsions were 
of equivalent strength. Time seconds. Drop record of pancreatic juice. 


Fig. 4 shows the comparative effect of injections of pancreatic and 
liver extracts on the activity of the pancreas. The injection of liver slows 
the rate of secretion somewhat but the pancreas completely inhibits 
secretion for some minutes after which secretion of juice gradually 
returns. The liver emulsion produces less effect in this experiment 
than usual. 

This effect might be due to a direct inhibition of the living cell of 
the pancreas by the emulsion. This does not seem probable since an 
emulsion of salivary gland does not, to anything like the same extent, 
inhibit the flow of saliva in a cat or dog brought about by the previous 
injection of pilocarpine. That is, we have no reason to suppose that 
pancreatic or salivary extracts have any immediate specific inhibitory 
effects on their respective glands when injected into the general circula- 
tion of aliving animal. Nor can the inhibition of secretion be explained 
by general circulatory changes since stoppage of pancreatic secretion is 
seen when changes in the circulation are negligible. The nucleo-proteid 
in the pancreas can hardly be the cause of the phenomena as other 


nucleo-proteids have not a like effect. The explanation is, primd facie, 
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that the pancreatic emulsion combines with the free and easily available 
secretin and renders it inactive, then when the “ pancreas-secretin ” 
molecule has been disposed of by the tissues such amounts of secretin 
as remain uninfluenced or possibly have been temporarily adsorbed in 
the liver or other tissues may be gradually liberated and free to act. 


The secretion now recommences, but owing to the destruction of a con- 


siderable amount of secretin is less active than before. When a drug is 
injected into the circulation of an animal some of it induces the specific 
effeet on the particular organ upon which it acts immediately, and some 


of it is taken up by other tissues upon which it may have little or no 


action: the drug is then slowly secreted into the blood again and is 
eventually excreted by one or other of the natural channels. This is 
probably what happens to secretin. When a pancreatic emulsion is in- 
jected into the circulation of an animal it at once destroys all the free 
secretin in the blood, and the flow of pancreatic juice ceases. Now the 
combining constituent of the pancreas as will be shown later must be a 
highly complex substance possibly as complicated as protein, and hence 
is unlikely to be adsorbed into the tissues, but will be destroyed. So 
that as this substance disappears from the blood the secretin will 
gradually return to the blood and the flow of pancreatic juice may 
recommence. 

Earlier in this paper it has been pointed out that the pancreas from 
different dogs varies greatly in its power of neutralising secretin and 
that the power may be very small, as for example in animals which are 
ill and emaciated or have had their pancreas previously exhausted by 
secretin. The pancreas of such animals when made up as an emulsion 
is unable to inhibit pancreatic secretion in the test animal, and so close 
is the parallelism between the neutralisation of secretin by different 
varieties of pancreatic emulsion on the one hand and the degree of in- 
hibition of pancreatic secretion caused by injection of the emulsion on 
the other, that it affords valuable additional evidence that pancreatic 
emulsion checks pancreatic secretion by the neutralisation process. In 
other words, if an emulsion ueutralises very little secretin it will have 
very little power of inhibiting pancreatic secretion and vice versd. 

Further, if these deductions be trustworthy then emulsions of liver and 
salivary gland should also have this inhibitory action on the pancreas 
just in proportion as they neutralise secretin, and it has been found that 
this is roughly correct. Both emulsions of liver and salivary gland 
do inhibit pancreatic secretion, but as previously noted the effect 
weight for weight is less than that of the active pancreas. 
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THE SUBSTANCES IN THE PANCREAS UPON WHICH SECRETIN ACTS. 
The next step is to determine the nature of the substances in the 


pancreas with which the secretin combines. The most obvious con- 


stituents are the living protoplasm, and the granular matter which 
represents the proferments in the cells and which is extruded during 
the activity of the gland. Now if secretin should combine with these 
granules it should materially alter their nature and probably determine 
their secretion. It was our object therefore to inquire whether the 


substance in the pancreas representing the enzymes is the same as that 


in the pancreatic juice or whether it is altered by injections of secretin. 
We have studied the question by making emulsions of the ground-up 
gland and observing whether the addition of secretin causes any altera- 
tion in the enzymic activity of the extract. The following is the protocol 
of a typical experiment. 


Exp. 1. The pancreas of a freshly killed cat was excised, ground with sand and 
chloroform-water, centrifuged and allowed to stand overnight in the ice-chest. Some 
secretin was prepared from the duodenum of the same animal and was carefully neutral- 
ised, a cold water extract of the duodenal mucous membrane of the same animal was also 
prepared and filtered through a Berkefeld filter, in order to destroy any secretin which it 
might have contained. By this procedure a clear filtrate was obtained. 

Mixtures were set up in small sterile flasks as shown in the Table. Toluol and three 
Fermi’s tubes containing 12% gelatin coloured with methylene blue were added to each 
mixture, and digestion was allowed to proceed at room-temperature for 24 hours. At the 
end of this period the tubes were removed and the amount of digestion in each was 
measured. The figures given in the Table represent the total amount digested in each 
flask. 


Digestion in mm. 
(a) lee. PY e.. HMM ... * 
(6) lee. S1 M * 7 
(e) lee. 1e. D4+lec.H,0 .... 16% 
(d) 1 0.0. P+lec. D+lec.8 — 36 
(e) les. P boiled+1ec. D+1c.c. 8... ** 0 


PS extract of pancreas. flltered duodenal extract. S=secretin. 


The results shown in the table indicate that whereas neither the 
emulsion of pancreas (a), nor the mixture of duodenal extract and 
secretin with boiled emulsion of pancreas (e) contains any active trypsin, 
a mixture of all three as in (d) represents a considerable amount of 
trypsin as measured by the digestion. It will be noticed that the 
addition of secretin or of duodenal extract alone to the emulsion causes 
the development of some proteolytic power, and that the duodenal 
extract is without doubt the more powerful activator. This is probably 
partly explained by the fact that in this experiment no especial care was 
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taken to avoid the inclusion in the pancreatic emulsion of those portions 
of the gland which from their proximity to the intestine are liable to be 
contaminated with intestinal juices, and to contain in their ducts small 
quantities of pancreatic juice. In later experiments in which particular 
attention was paid to these points, and in which the enterokinase was 
made from the lower portions of the intestine to avoid the more 
thoroughly any likelihood of contamination with secretin, it was found 
that the effect of adding either enterokinase or secretin alone to the 
emulsion of pancreas was insignificant in comparison with the effect of 
adding a mixture of the two. 

Exp. 2. An emulsion of pancreas of dog was prepared in 25 % Na, CO, solution. 
Enterokinase was taken from the ileum and secretin from the duodenum. Toluol and 
gelatine tubes were added as usual and the digestion measured after standing 40 hours 


at room - temperature. To a similar series of flasks Congo red fibrin' was added. The 
colour of the mixture indicates the degree of digestion. 


Congo red Arin 
4 0.0. P+2 oc. Ek+2 0. e. HO 8 None 
4 cc. P+2 e. 8+2 c. c. H,O 8°5 Slight 
4 c.c. P+2 8+2 c.c. Ek 25°5 Good 


Other experiments have been performed in which the tryptic activity 
was tested on suspensions of casein: in these the residual nitrogen was 
estimated at the close of the period of digestion, after precipitation of 
the undigested casein, by means of tannic acid. These experiments 
show a still greater contrast between the amounts digested with and 
without the addition of secretin. 


Expr. 8. Emulsion of pancreas and secretin were obtained from the dog. Solution of 
casein 0°8 % in 0°5 ½ Na, CO,. Incubated at 38° C. for 24 hours in presence of toluol. 
10 ¢.c. samples were treated with 5 c.c. H,O and 10 ¢.c. Catheart’s* tannic acid solution 
and the nitrogen was estimated in 10 c.c. of the filtrate by Kjeldahl’s method. 

Residual Nat Residual N after 

— 24 hrs. e. c. 

(a) 100 ce. e. 0. 8 


+5 cc. Ek+5 e. c. P 09 3°63 2°7 
% 100 H,O 

+5 oc. EK e. c. P 15 15 00 
e) 100 c. ee. 8 


+6500, Ek+5c.c. boiled .... 0°6 0-2 
C=casein solution. Other symbols as in previous tables. 
* Roaf. Biochem. Journ. mx. p. 188. 1908. 


* This Journal, XXII. p. 462. 1905. 
The digestion was almost complete. 
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It is quite clear then that secretin exerts a profound effect. upon the 
digestive mixture containing enterokinase and pancreatic émulsion. It 
can hardly be conceived as acting by affecting the enterokinase since a 
mixture of enterokinase and secretin does not activate pancreatic juice 
so efficiently as enterokinase alone. In order to make this point more 
definite we have performed some experiments in whieh pancreatic 
emulsion, enterokinase filtered through a Berkefeld, and secretin were 
mixed together in definite amounts and the rate of digestion determined. 
This was compared with a second digestion in which the enterokinase 
and secretin were first mixed together, then filtered through the Berkefeld 
and finally added to the pancreatic emulsion: in this case the filtrate was 
proved to contain no secretin. 


Exp. 4. The following were prepared. 1. 
cat. 2. Solution “‘A” by mixing 15 .c. of enterokinase with 10 0.0. of standardised 
secretin and filtering through a Berkefeld filter. 3. Solution B by adding 15 b. c. of 

The following digestion mixtures were made 

P+5 cc. A+2 e. e. water + toluol. 
0.0. B+2 0.6. Sec + toluol. 

An Stent of After four hours’ incubation 
at the laboratory temperature A showed no alteration in colour and B” was pink. 
After 12 hours “A” was very slightly coloured and B was well coloured. Control 
been added- 


If the secretin acted on the enterokinedlé then the resulting filtrate 
(that is solution A) should digest at the same rate as solution B + secretin, 
which is not the case. Solution A contains apparently no secretin, it 
has been separated out by the Berkefeld as we have shown already: it 
appears to contain unaltered enterokinase. 

It is of course well known that contact of secretin with an emulsion 
of cells from the small intestine brings about slow destruction of the 
hormone, but this change does not in any way affect the enterokinase 
since the activity of the latter remains unaltered. These experiments 
disprove any supposition of the secretin inducing its beneficial action 
on digestion by acting on enterokinase. 

Seeoretin, then, acts upon certain dead granules in the cell, and we 
have obtained no evidence to show that it influences the general. proto- 
plasm. | 
The secretin might conceivably act either by chemical combination 
or after the fashion of a ferment, in which case a small amount of 
secretin should suffice to activate an indefinite amount of pancreatic 
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emulsion. Experiments were therefore undertaken to determine whether 
there is a stochiometric relationship between the quantity of secretin 
added to the emulsion and the resulting tryptic activity of the mixture. 

Expr. 5. Pancreas’ and enterokinase prepared from the sheep, secretin from the dog. 
Mixtares were made up to 4 c.c., toluol and gelatine tubes being added as usual. The 


average digestion at each end of the tubes was measured after 154 hours at room-tempera- 
ture. The secretin was made comparatively dilute. 


lee. P — — Water in each 8 mm. 
los, PY 1 oc. 8 — ease up to 3 mm. 

1 oc. P+1 e.. Ek — 4 6.0. mm. 
loc. PT 1 Ek 0˙1 e. 0. 8 7˙5 mm. 
1 oc. P+1 Ek+0°4 0.0. 8 8 mm. 

1 oc. P+1 Ek +0 o.c. 8 96mm. 
9°5 mm. 

Symbols as before. 


In this experiment no precaution was taken when making the 
emulsion to exelude those portions of the pancreas which border on the 
intestine and this may account for the tryptic activity in the emulsion 
of pancreas alone. 

The results show that the quantity of trypsin in the mixture, as 
measured by the amount of digestion, increases with the addition of 
secretin until a maximum is obtained. It has been found in other 
experiments that the addition of still further quantities of secretin 
produces either no effect or a slight inhibition of the activity. This 
experiment agrees with the results already shown that pancreatic 
emulsion destroys a certain definite amount of secretin. 

It might be urged that the increase in tryptic activity in these 
experiments caused by the presence of secretin was due to the salts 
which are necessarily present in the secretin solution, for it is well 
recognised that electrolytes exert a great influence on ferment action. 
We have proved that this is not the explanation of the phenomenon. 
Two series of experiments were performed, the one in which the 
emulsions were made in physiological salt solution, the other in which 
distilled water was used, and to one of the latter flasks the residue 
obtained on evaporating and igniting some of the secretin solution was 
added. In neither class was the result different from those already 


In view of these results it does not seem probable that the presence 
of calcium or other salts in the secretin solution exert any effect in 


Fig. 2, by diluting with an equal volume of water. 
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activating the pancreatic emulsion. Since Delezenne’ and more 
recently Zunz?, however, have shown that calcium has the power of 
activating pancreatic juice, experiments were performed in which the 
digestion was accomplished in an excess of sodium oxalate thus ensuring 
the absence of ionic calcium. 
| Exr. 6. The details are the same as those in Exp. 2 above, except that the pancreatic 
emulsion contains 1 °/, of sodium oxalate. 


4 0.0. P+2 Ek+20.c. H,O None 

872 0.0. H,O 22 Slight 

872 0.0. Ek 30 Good 
(Symbols as in previous experiments.) 


It is obvious then that the increased activity is not the result of 
calcium, since the effect is obtained equally well in the absence of the 
calcium ion. 


Observations were next made on the other enzymes of the pancreas 
—the amylopsin and steapsin. 


— — 


Exr. 7. In each of three flasks 5 c.c. of an emulsion of pancreas and 50 c.c, of well. 
boiled starch paste were placed. To two of these, 5 c. c. of neutralised secretin were added 
and to the third 5 ¢.c. water. One of the flasks containing secretin was heated to boiling 
point for a few minutes and used as a control. Toluol was added as an antiseptic and the 
vessels were corked and incubated at 87° C. for 15 hours, At the end of this time 50 c. c. 
aloohol were added to each to inhibit further change and the mixtures were left to settle 
for 24 hours. The supernatant fluid was then removed and evaporated on the water-bath. 
The residue and precipitate in the flask were repeatedly boiled up with alcohol, filtered 
and evaporated. The alcohol-free filtrates were extracted several times with water and 
made up to 100c.c. 90 c. 0. were used for the determination of sugar by estimating the 


reducing power by Pflüger s method *. | 
| | in er | 
A. 100 c.c. 8t+5 e. e. P+5 0.0. H,O 00679 0˙02⁵53 
B. 100 cc. St ＋ 5 0. 0. P+5 0.0. S (boiled as control) 0-0660 00243 
C. 100 cc. 8t+5 cc. P+5 0.0.8 01012 00897 
A-B=lmgr C-B=15'4 mgrs. 
The effect here is very considerable. 


Another experiment was performed in which the alcoholic extracts 
were precipitated with phosphotungstic acid in order to remove reducing 
extractives, before being finally made up to known volume for estimation. 


1 Delezenne. Compt. Rend. d. Soc. Biol, Lxk. p. 476. 1905. Ibid. ux. p. 1070. 1906. 
bid. m. pp. 98 and 187. 1907. 

*Zunz, Ann. de la Soc. Roy. des. Sc. Méd. et Nat. de Bruxelles, LXII. p. 278. 1907. 

Arch. F. d. ges. Physiol. p. 99. 1908. 
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Exp. 8. Same panereas and secretin employed as were used for Exp. 3. 100 c. e. 
starch, 6 0.0. P. and 2 0.0. toluol used; they were incubated for 40 hours at 38° C. 50 c.c. 
were treated with 100 C. c. aloohol and the sugar extracted as before. The extracts were 


and were made up to 50 c.c: 25 . d. were taken for each estimation of sugar. 


CugO in gr. 
100 0.0. 8t+5 0.6. P+5 o. 0. H,O 0°1975 0-082 
100 0. St B 0. 0. P+5 o. o. 8 (boiled) lost — 
100 0.6. St 5 0.0. P+5 0.0. 8 0-114 
(b) 0°2715 


In this experiment no special care was taken to obtain secretin-free 
pancreas, but in spite of this the action of secretin is well defined. 
The results show that secretin affects the precursor of amylopsin in the 
same way as it does the precursor of the proteolytic enzyme. 

A qualitative experiment dealing with the action of secretin on 
the lipase of the pancreas may also be mentioned. An emulsion of 


pancreas was propared snd 10 it « fow drope of 10 Neon and some 


phenol-phthalein were added. Equal portions of this mixture were 
taken and mixed with 0˙5 cc. ethyl butyrate; to one tube carefully 
neutralised secretin was added and to the other an equal quantity of 
water, both were left at room-temperature. The red colour in the 
tube containing the secretin was discharged in one hour whereas the 
colour in the other was unaltered after 24 hours. Lowenhart’ and 
others have shown that bile salts influence the action of lipases on fats 
and many esters. Donath* has recently shown that when an 
emulsion of pancreatin is deficient in or contains no lipase, the precursor 
of this ferment may be activated by the addition of cholic acid and 
that the activity of the solution within certain limits varies with the 
amount of acid added. Ordinary preparations of secretin contain varying 
quantities of bile salts and cholic acid so that for this experiment the 
secretin was specially prepared from dog’s duodenal mucous membrane, 
which had been extracted in an extraction apparatus with hot alcohol 
and with ether. No reaction for bile salts could be obtained from this 
preparation. 

The experiments given above, which may be regarded as typical of 
what occurs when proper precautions are taken, show conclusively that 
secretin acts upon the proferments of the pancreas, increasing their 
power. 

Journ. of Biol. Chem, N. p. 601. 
2 Hofmeister’s Beitriige, x. 890, 1908. 
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In considering the nature of this action it might be urged that the 
emulsions contain living intact cells and that the secretin stimulates 
them in some way, causing them to give up their contained zymogen. 
This is not the interpretation, since microscopical examination of the 
sediment obtained by centrifuging the emulsions shows that unbroken 
cells are absent or extremely rare. Further, the effect is produced with 
emulsions which before the addition of secretin have stood overnight 
with chloroform and toluol, a procedure which would effectually destroy 
still living cells. The quantitative relations obtaining between the 
amount of secretin added, and the digestive activity, force us to the 
conclusion that no hypotheses involving “vital” activity can account 
for the facts. 

Before leaving this section it is necessary to point out that the 
addition of moderate quantities of secretin to pancreatic juice with or 
without enterokinase does not influence digestion ; large amounts retard 


digestion. 


DISCUSSION OF RESULTS. 


From the facts recorded a clear idea is obtained of the mode of 
action of secretin. It was shown first that secretin combines quantita- 
tively with some constituent of the pancreas, and as the result of this 
chemical change its characteristic features are lost, The secretin does 
not act upon the enterokinase. Secondly, it was shown that secretin 
exerts a profound influence on pancreatic enzyme action; that as 
secretin is added to an emulsion of pancreas and enterokinase the 
activity of the enzymes is increased until a maximum is reached after 
which further additions exert either no effect or slightly diminish the 
activity. Further, the amount of secretin necessary is proportional to 
the amount of zymogen present, i.e. double the amount of emulsion, and 
the quantity of secretin necessary to obtain the optimum activity must 
also be doubled. These facts must be interpreted as indicating that 
secretin acts upon and probably combines with the zymogens in the 
pancreas, and that the freshly formed substances are secreted from the 
cell. Accordingly the trypsinogen in the pancreatic juice is not the 
same as the zymogen in the pancreatic cell since the latter must be 
combined with secretin before it becomes trypsinogen; hence it is 
necessary to refer to the proteoclastic zymogen in the pancreas as 
protrypsinogen. Thus the series of changes resulting in the production 
of trypsin may be stated as follows 
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HCl x Prosecretin = Secretin, 
Secretin x Protrypsinogen = Trypsinogen, 

Trypsinogen x Enterokinase = Trypsin. 
These experiments do not necessarily show the manner in which 


vegetable drugs produce à Specific action, but rather the way in which 


physiological activity is normally induced. Adrenalin appears to exert 
its action in a somewhat similar manner to secretin—it ceases to exist 
as such when it induces physiological activity. Thus if adrenalin is 


perfused through the pulmonary vessels it is destroyed slowly and no 
effect is produced on the vessels, but if it is perfused through splanchnic 


vessels it is rapidly destroyed and the vessels become contracted’. 
Secretin acts mainly on the pancreas and hence it is of no great 
importance in what part of the body it is set free into the circulation, 
for eventually it will find its way to the pancreas and set free trypsinogen. 
But if judging by analogy we assume that all tissues are activated by 


the liberation of hormones such liberation into the general circulation 


would not be efficient. If for example muscle is caused to contract by 
the intervention of a hormone it is essential that this hormone 
should be set free at the spot at which it is to act, or it would affect other 
muscle, and if this suggestion is found to be supported by the discovery 
of other necessary hormones the development of the intricate system of 
nerve distribution assumes a new significance. In this connection 
attention might be drawn to the action of some of the purin deriva- 
tives which specially excite muscle contraction and which are produced 
in the muscle as the result of nerve stimulation. | 

Having shown that with two of the natural hormones the induction of 
physiological activity results in the destruction of the exciting substance, 
and in the case of secretin that this is accompanied by combination with 
certain chemical constituents of the cell, it becomes necessary to enquire 


whether this is the way in which vegetable drugs exert their specific 
action. 


THE MODE OF ACTION OF STRYCHNINE. 


Ehrlich“ held the view that alkaloids being foreign to the animal 
body were not capable of combining with protoplasm to form such 
stable compounds as those formed by toxins, but recently he lays stress 


Elliot. This Journal, XXII. p. 449. 1905. 
* Slade. Ibid. xxxv. p. 168. 1907. 


* Zeitechr. f. Heilkunde, Interne Med. 1901. 
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upon the view that drugs which specifically affect certain tissues are 
bound to the protoplasmic molecule by certain atomic groupings, which 
he distinguishes from toxin-receptors by the term “chemo-receptors ”'. 
The belief in the existence of receptors is based upon experiment: if 
to a solution of toxin, receptors suitable for anchoring it are added, the 
resulting mixture is innocuous’. The validity of these experiments is 
not criticised here, although their significance has been challenged by 
Metchnikoff and others, but since they are accepted by Ehrlich and 
his school and are generally regarded as one of the foundations of 
the side-chain hypothesis, it is legitimate to extend this type of 
experiment to drugs. Those who uphold Ehrlich’s view however 
admit that toxin may be fixed in other cells besides those on which 
its activity is most manifest. Thus the cells of the liver and spleen 
besides those of the brain and spinal cord may fix tetanus toxin. 

Strychnine like tetanus toxin has a specific action on the cells of the 
spinal cord, and several attempts have been made to prove, by methods 
similar to those adopted by Wassermann for tetanus toxin, that 
strychnine acts by combining with the spinal cord or with one or other 
of its constituents. Widal and Nobécourt* showed that when a solution 
of strychnine was added to an emulsion of brain, liver, or kidney, and 
injected into animals the toxicity of the strychnine was weakened. 
Von Brunner‘ also comes to the same conclusion and supports the 
side-chain hypothesis for the action of strychnine. Thoinot and 
Brouardel® mixed strychnine with charcoal, talcum and starch and on 
injection have observed a diminution in the effect of the strychnine. 
The experiments of von Czyhlarz and Donath“, who attempt to prove 
the fixation of strychnine by the tissues, are of little significance to us 
since their object was to show that the tissues of the limb fixed the 
strychnine, that is that the fixation was not necessarily specific. The 
interpretation which they give to their experiments, namely that the 
limb tissues can fix strychnine, has been shown by Meltzer pas 
Langmann’ to be open to serious objections. 

Still more recently Sano® has returned to - attack; he says that 


1 The Harben Lectures, p. 88. 1907. 
2 Wassermann and Takaki. Berl. Klin. Wochnachr. 1. 5. 1898. 
La Semaine Med. 1898, p. 98. 
* Fortech. de Medizin, 1899, p. 7. 
La Semaine Med. 1898, p. 140 
® Centralbl. f. inn. Med. p. 32, 1900. 
7 Journ. of Medical Research, tx. p. 19. 1903. 
8 Pfltiger’s Arch. cxx. p. 367. 1907. Ibid. cxxiv. pp. 869 and 881. 1908. 
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strychniné loses its effect when added to an emulsion of spinal cord and 
injected into frogs. He determined the amount of strychnine free to act 
in his emulsions by injecting into frogs and examining ‘the reflexes. 
Sano concludes that strychnine is especially neutralised by the white 
substance of the eord, less strongly by the anterior portion of the gray 
matter, and still less by the posterior. 

Stryohnine mixed with an emulsion of cord shows no evidence of 
having éntered into chemical combination since it can still be separated 
from the mixture by means of the ordinary solvents for alkaloids. In 
this respect then it behaves quite differently from tetanus toxin, 
Furthermore all these observations which we have mentioned can be 
more readily explained in another way than by supposing that the 
strychnine enters into some form of combination with the spinal cord. 

If a lethal dose of strychnine is mixed with a solution of gum or 
with milk or even a suspension of chalk and injected into an animal, a 
diminution of the strychnine toxicity is observed, and this diminution 
is quite comparable with that produced when it is mixed with the 
emulsion of cord. We have performed a considerable number of ex- 
periments which have convinced us that emulsions of spinal cord added 
to solutions of strychnine do not interfere with the specific effect of the 
alkaloid except by delaying its absorption. If the minimal lethal dose 
of strychnine for subcutaneous injection in an animal is mixed with 
a solution of gum or an emulsion composed of the complete spinal cord 
of an adult rabbit, and is injected subcutaneously into that animal, it is 
seriously affected but does not die: if however a dose slightly in excess of 
the minimum lethal be given, death always ensues. Any tissue emulsion 
is found to have the same type of effect as nerve emulsion, and the more 
colloidal in nature the mixture the greater the delay in absorption of the 
strychnine, and therefore the less its toxicity. Spinal cord emulsion is 
in no way specific in neutralising the effect of strychnine. 

Similar effects to these can be obtained with curare, if a dose of 
curare sufficient to produce motor paralysis. be mixed with an emulsion 


of spinal cord and injected into a pithed frog the ‘paralysis may never 


occur, not because the curare is destroyed or combined, since it retains 
its properties if the fluid is filtered, but on account of delayed absorp- 
tion. Perhaps however the importance of delayed absorption is best 
appreciated by injecting a minimal lethal dose of strychnine sub- 
cutaneously i into two animals as far as possible under the same conditions; 
in the one case let the strychnine be dissolved in the ‘minimal amount 
of water and in the other in a large excess of water. Although the 
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amount of strychnine in the two cases is the same, the animal with the 
larger injection of water is very much less affected than its fellow. All 
these results tend to prove that nerve tissues have no power of combining 
with the strychnine, but that emulsions of spinal cord act by delaying 
absorption. Thus when the crucial experiment of the side-chain 
hypothesis is applied to vegetable drugs, and we have also performed a 
number of experiments with cocaine and morphine, it yields negative 
results so that no support is found for the conception of the existence 
of chemo-receptors for these bodies. It has been urged that the chemical 
combination is of such a delicate nature that the methods we have 
employed cannot be admitted: to which it might be replied, then why 
are they admitted in the case of toxins? But even allowing that the 
experiments are not valid, the surmise that drugs act by chemical 
combination with living protoplasm i is likewise totally unsupported by 
direct evidence, 

If drugs do not act by combining chemically with the protoplasmic 
molecule, how do they produce their effects? The specific effects 
of drugs are strictly comparable with normal physiological actions such 
as may be produced by electrical stithulation of nerves. For example, 
there is no inherent difference between the action of muscarine on the 
heart on the one hand, and electrical excitation of the vagus nerve on 
the other. So similar are the two effects that it is not unwarrantable, 
in the absence of any evidence to the contrary, to assume that they are 
brought about in the same way. If it is permissible to argue from 
analogy there is reason in the suggestion that excitation of a nerve 
induces the local liberation of a hormone which causes specific activity 
by combination with some constituent of the end organ; muscle or 
gland’. If this be true of electrical stimulation it may be true also of 
drugs that they act by causing a liberation ‘of the specific hormone, or 
in the case of paralytic agents preventing such liberation, and that they 
themselves, like enzymes and catalytic agents, take no part of a chemical 
nature in the ultimate changes.. In any case the evidence at present 
available lends no support to the chemo-receptor hypothesis. 

It is suggested therefore that the ordinary galenical drugs act quite 
differently from secretin and adrenalin. The latter are destroyed while 
inducing physiological activity and probably enter into chemical 
combination with some constituent of the tissues on which they a act, the 
former do not form chemical compounds in the cell. 


: It is proposed to offer direct evidence on this point in a future communication. 
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It is ‘well known that certain vegetable alkaloids which induce 
specific effects may be partly destroyed in the animal body, and further 
that by habituation the capacity of the tissues for destroying the drug 
may be increased, the condition of tolerance resulting. The destruction 
which takes place under these conditions is quite different from that of 
secretin and adrenalin ; the hormones disappear with the production of 
physiological activity, i.e. they combine as soon as they reach the tissue 
activated, whereas the vegetable alkaloids are very slowly destroyed, and 
the destraction is not coincident with physiological activity. Evidence 
has recently been obtained that the destruction of such alkaloids as 
morphine and nicotine’ in tolerant animals is the result of enzymic 
activity. 

It is true also that some u combine chemically with organic 
constituents of the body, and in so doing lose their specific action. Thus 
the important drug salicylie acid combines in the body to the extent of 
about 50% with glycocoll, and the resulting salicyluric acid is innocuous, 
and possesses none of the specific therapeutic effects of salicylic acid. 
Similar examples are found in phenol and indol which combine with 
sulphuric acid, and camphor and its analogues which combine with 
glycuronic acid. In none of these cases does the combination bring 
about physiological activity, it is only a means by which the organism 
diminishes the toxicity and facilitates the excretion of the drug. 


ConcLusIons. 


(1) Enzymes exist in the pancreas as precursors—protrypsinogen, 
proamylopsin, prosteapsin. Secretin combines chemically with the 
precursor and liberates the zymogen in the case of trypsin, and the 
active enzymes in the other cases: these are secreted in the ee 
juice. 

(2) We have failed to obtain evidence that vegetable alkaloids 
exerting a specific effect in the body act by combining with chemo- 
receptor substances. 

(3) It is suggested that physiological activity of muscle and 
gland is due in all cases to the liberation of specific hormones which 
combine with a receptor substance. 


The expenses of this research have been largely defrayed by a grant from the Royal 


Unpublished work from the Pharmacological Laboratory, Cambridge. 
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THE PRESSOR ‘PRINCIPLES OF PLACENTAL 
EXTRACTS. By OTTO ROSENHEIM. 


(From the Physiological Laboratory, King’s College, London.) 


Some time ago Dixon and Taylor! made the observation that alcoholic 
extracts of human placenta contained substances which on intravenous 
injection produced a rise of blood-pressure and contraction of the 
pregnant uterus, I undertook the examination of such extracts with 
the view of isolating the active principles, 

Dixon and Taylor’s method of preparing these extracts consisted 
in mincing fresh human placenta, covering it with absolute alcohol and 
filtering after some time. The filtrate was evaporated and taken up 
again with absolute alcohol The residue of the last extract, dissolved 
in saline solution, was injected intravenously“. 

As the effect of the injections seemed to suggest the presence of 
adrenaline or a similar substance, the first question to decide was the 
identity or otherwise of the pressor principle with adrenaline. 

For this purpose the alcoholic extracts of fifty-two placentw, prepared in the way 
described above, were used. The physiological activity of the extract was established by 
experiment“. Twelve litres of the dark brown extract, which possessed a characteristic 
odour, were evaporated in vacuo, the reaction being kept acid. The residue was worked 
up according to the well-known methods for the isolation of adrenaline (Takamine, 
Aldrich, Abel, etc.), All attempts to isolate adrenaline gave negative results. As this 
result might possibly have been due to the influence of oxidation, the experiment was . 
repeated with 1 kg. of fresh placenta, the extractions being made with absolute alcohol 
acidified with trichloracetic acid in an atmosphere of hydrogen. The results were also 
a The purified extracts did not show any of the colour reactions of 


These l therefore established the fact that the: active 
principle was not identical with adrenaline. 


1 Brit. Med. Journ. U. p. 1150. 1907. 
3 Münck. med. Woch. LAv. p. 1616. 1907. Internat. Congr. of Physiol., Heidelberg, 1907. 
The material for this investigation had been collected and kindly put at my disposal 


by Dr Taylor. The physiological experiments have been performed in conjunction with 
Dr Dixon. 
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Conditions necessary for the formation of the pressor principle. 

Before proceeding further it was thought advisable to find the most 
suitable conditions for the extraction of the pressor substance. A large 
number of experiments were performed for this purpose. The extracts 
were always evaporated in vacuo and their physiological activity tested 
in the usual way on pithed animals. In every case the minced fresh 
placente were mixed with an equal volume of absolute alcohol to 
prevent putrefaction and extracted in one of the following ways: (1) 
with absolute alcohol alone; (2) with alcohol + 1% acetic acid; (3) with 
alcohol + 1% sodium carbonate ; (4) residue of (3) with acid alcohol; (5) 
in a hydrogen atmosphere (a) with acid alcohol, (6) with alkaline alcohol. | 
The time of extraction was varied under the above conditions from { 
24 hours to twelve days. 

The surprising outcome of these experiments was that all the extracts 
made under these conditions were found to be devoid of any pressor 
principle, thus showing clearly that these substances are not present in 
the normal human placenta. 

To find the explanation for this discrepancy from previous results, 
one has to remember that the essential difference in the preparation of 4 
the above inactive extracts and those prepared according to Dixon and 
Taylor, is the amount of alcohol used, which in the latter case may 
not have been sufficient to prevent autolytic or putrefactive processes. 

The following experiments were carried out to decide this question : 

Five fresh human placente were minced and divided into two equal 


A. 1000 cc. of the minced material were mixed with 1 litre of 
absolute alcohol and kept at room temperature for four days. Cultures * 
in broth and gelatin were made at the end of this period and the | 
extract worked up in the usual way. Result: absence of pressor ‘ 
substance. No growth in cultures. i 

B. 1000 cc. of the same material were mixed and partially covered | 
by absolute alcohol ; 100 Ce. of the latter were necessary. The mixture 
was kept and worked up exactly as in A. Result: strong pressor 
effect. Abundant bacterial growth in both culture materials. 

These experiments, which were repeated several times with identical 
results, made it evident that the formation of the pressor substances 
is connected with the’ presence of micro-organisms, The following 
experiment showed directly that a strongly active extract is obtained by 
allowing fresh placenta to undergo putrefaction freely. 
Five placentæ were minced and the whole divided into two parts. 
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A. 1000 cc. of the material were kept in the ineubator at 36 C. 
overnight. Result: intense putrefaction. Extract strongly 
pressor. 

B. 1000 c. of the same material, mixed with 1 litre of absolute 
alcohol, were left standing at room temperature. Result: extract 
inactive. 

In view of the abundance of various enzymes in human Ylabenta', 
the possible share of these in the formation of the pressor principles 
had to be considered. Experiments were therefore carried out in which 
the usual precautions against bacterial infection were observed. Cultures 
in broth and gelatin at the end of the experiments showed the absence 
of micro-organisms. Autolysis was allowed to — under the 
following conditions : 

1. 1000 cc, fresh minced placente were shaken up with 1 litre of 
saline solation, saturated with chloroform. Kept for four days at room 
temperature. 

2. The same experiment was carried out, the mixture being kept 
at 36°C. for sixteen days. 

3. One placenta was transferred directly after birth into 1 litre of 
| saline solution, saturated and covered with toluol. . Kept at room 
temperature for four days. 

4. One placenta was transferred directly after birth into absolute 
alcohol and kept for four days. At the end of this time the alcohol 
had only partially penetrated into the tissues and autolysis had obviously 
taken place in the interior of the organ. 

Extracts of all the above were prepared in the usual way, bacterial 
action being guarded against during their preparation. Physiological 
experiment proved in every instance the total absence of a pressor 
substance. 

These results therefore show clearly that under conditions which 
freely permit ae processes to go on, the active principle is not 
produced. 

As a final proof of the putrefactive origin of the pressor principle ; 
its absence in the fresh placenta ; and its non-formation during autolysis 
a large quantity of fresh placente was divided into three parts and the 
following parallel experiments carried out: 


Conditions of experiment Result 
A. Extract after free putrefaction Strong pressor effect. 
B. Extract after autolysis alone Total absence of pressor effect. 
C. Extract of fresh organ : Total absence of pressor effect. 
1 Bergell and Liepmann. Méinch. med. 8 No. 46, p. 2211. 1905. Cramer 


and Lochhead. Proc, Phys, Soc. p. * This Journal, xxxtv. 1906. Savaré. 
Hofm. Beitr. I. p. 141. 1907. 
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Isolation and identification of the pressor principles. 

Clear proof having been obtained that the formation of the pressor 
principle is due to the action of micro-organisms, further experiments 
showed that strict anwrobic putrefaction is not essential and * 
prolonged putrefaction destroyed the active substances. 

In order therefore to keep the putrefaction under control and as 
practical difficulties stood in the way of carrying out putrefactive 
processes on a large scale in this laboratory, it was thought advisable to 
return to the less offensive method of allowing partial putrefaction of 
the placentz to proceed in the presence of small quantities of alcohol. 
Under these circumstances it seems that the formation of evil smelling 
products is largely, but not altogether, kept back and the active principle 
is not destroyed even after eight weeks. 

The following procedure was finally adopted : 

The minced fresh placente were mixed with absolute alcohol in. quantities just 
sufficient to cover the material. 100—120 C. c. of absolute aleohol to 1 litre of the minced 
placenta were usually taken. The mixture was allowed to stand at room temperature 
for some time, varying from 24 hours to several days. When ten litres had been collected, 
three litres of absolute alcohol were added, the mass strained through linen and pressed 
out in a hand-press. The filtrate was acidified with acetic acid and boiled up in order to 
coagulate the proteins. After filtration the clear yellowish extract was concentrated and 
absolute alcohol was added to the residue. The previous treatment was repeated until the 
residue was completely soluble in absolute alcohol. 

From this extract the active principle was isolated by several 
methods. It was found that several pressor bases were present which 
were isolated as crystallised hydrochlorides. 

One of these bases can be extracted from the alkaline solution by 
ether or by chloroform and is precipitated by basic lead acetate or 
mercury bichloride in alcoholic but not in aqueous solution. 

Another base was obtained as a crystalline benzoyl product (by 
Baumann and Schotten’s method) after removal of the other pressor 
bases from the alkaline solution by ether or chloroform. Although this 
substance had not been tested physiologically at the time of preparation, 
it was subsequently identified with the strong pressor base p-hydroxy- 
phenylethylamine isolated by Barger and Walpole from putrid meat 
(see later). This base may or may not have been identical with a very 
powerful pressor substance which was obtained by precipitation with 
phosphotungstic acid, the quantity of which was, however, much less 
than that obtained by the other methods“. 

1 The methods of isolation followed by me differed from those adopted by Abelous 
and his colleagues, as well as of those of Barger and Walpole, but in view of the 


exhaustive account of their methods given — 
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The biphasic nature of the effect on blood-pressure always obtained 
by the injection of crude extracts (a fall of blood-pressure preceding 
the more marked and final rise) indicated the presence of # depressor 
as well as a pressor principle. As a matter of fact choline, the depressor 
action of which is well known, was found to be present in large 
quantities, and was isolated as a mercury salt. As much as 3°5 grammes 
of the latter were obtained from ten kilogrammes of placente. It was 
purified as a cadmium salt and analysed and identified as a platinum 
salt. Its physiological activity was demonstrated. 

The presence of large quantities of tyrosine was also noticed amongst 
the products of putrefaction. 

During the progress of this work, I became aware of the researches 
of Abelous and his collaborators, who had made the observation that 
the adrenaline percentage of suprarenal extracts was apparently 
increased by the addition of extracts prepared from various putrefied 
organs’, They found later that putrefied organs, and especially 
putrefied muscle, contained themselves a substance, different from 
adrenaline, which produced a rise of blood-pressure on intravenous 
injection*®. It seemed apparent that the pressor substance, or substances 
formed during the. putrefaction of meat, are identical with those 
produced under analogous conditions from placenta. 

Abelous and Ribaut have since isolated and analysed a presssor 
base from putrid meat, to which they ascribe the formula C, H. NO.. 
Meanwhile G. Barger and G. S. Walpole had taken up the identifica- 
tion of the pressor principles of putrid meat, and kindly informed me 
of their results, which enabled me to identify the pressor bases, isolated 
by me from putrefied placenta, with those from putrid meat. 

One of: the pressor bases is identical with p-hydroxyphenylethyl- 
amine. It was identified by the fact that it gives Millon’s reaction and by 
the melting point of its di-benzoyl derivative which is 169—170°. The 
melting point of the benzoyl product obtained by me from placenta 
was found to be .160° after preliminary purification. After five 
recrystallisations from alcohol, from which solvent it crystallised in 
needles, its melting point rose to 169°—170° and it was found identical 
with a sample of the synthetical product, with which I was able to 
compare it through the kindness of Dr Barger. As a further proof 
of identity I have found that a trace of the benzoyl product gives on 

1 Compt. rend. Soc, Biol. uxx. p. 589. 1905. 
2 Ibid. LX. pp. 468, 530. 1906. 
p. 908, 1908. 
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boiling with formaldehyde and sulphuric acid an intense green colour 
reaction. This emerald green colour is given both by the product from 
placenta, as well as by the artificial benzoyl derivative. A similar 
reaction has been described as characteristic for tyrosine by Dénigés’ 
and by Mörner“. 

The second pressor base isolated from placenta by its solubility in 
ether and chloroform (and also from the mercury salt insoluble in 
alcohol and soluble in water) is evidently identical with the base 
obtained by a similar method by Abelous and Ribaut, which has 
since been identified as isoamylamine by Barger and Walpole. The 
smal] amount of material I had left from the physiological experiments 
was not sufficient for chemical identification. | 

With regard to the precursors of these bases it has been suggested 
by Barger and Walpole in the case of putrid meat (and proved by 
them for p-hydroxyphenylethylamine) that they are derived from the 
corresponding amino-acids (leucine and tyrosine), the cleavage products 
of proteins. The same is probably true in the case of putrid placenta. 
It is of some interest to point out that the autolytic ferments of the 
placenta are unable to split off the terminal carboxyl-· group of the 
amino-acids, without the help of micro-organisms. 


SUMMARY, 7 

1. Fresh human placenta does not contain any pressor principle. 

2. The pressor principles of placental extracts, prepared according 
to Dixon and Taylor, are products of initial putrefaction. 

3. The autolytic enzymes of the placenta, without the help of 
micro-organisms, are unable to produce pressor substances. 

4. Several pressor bases were isolated from putrefying placenta, 
the most active of which was identified as p-hydroxyphenylethylamine, 
whilst the identity of another with isoamylamine is most probable. 
These bases are identical with those found by Barger and Walpole in 
putrid meat. 


The expenses of this research have been in part defrayed from a grant from the 
Government Grant Committee of the Royal Society. 


Compt. Rend. oxxx. p. 588. 1900. 
Zeitschr. . physiol. Chem. xxxvu, p. 86, 1902. 
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ISOLATION OF THE PRESSOR PRINCIPLES OF 
PUTRID MEAT. By G. BARGER, anp G. S. WALPOLE. 


(From the Wellcome Physiological Research Laboratories, London.) 


THAT an extract of putrefied horse-meat raises the arterial blood- 
pressure when injected intravenously, was first shown by Abelous, 
Ribaut, Soulié and Toujan' in 1906. These authors obtained from 
putrid meat the impure hydrochloride of a chloroform soluble base, 
which showed a very marked pressor action. Later Dixon and Taylor“ 
observed that extracts of human placenta, injected intravenously, 
similarly caused a rise of blood-pressure, and, in addition, contraction of 
the pregnant uterus. Rosenheim found, while attempting to isolate 
. the active principle of placenta, that only the more or less putrefied 
| placenta gave active extracts, the fresh or merely autolysed organ 
failing todo so. He suggested at a meeting of the Physiological Society 
in January, 1908, that a crystalline hydrochloride obtained by him, was 
very probably identical with that of the French authors. In order to 
test this supposed identity, we prepared a quantity of the base from 
putrid horse-meat and soon found that after complete extraction with 
chloroform, the aqueous solution still retained a considerable proportion 
of its original activity*, due to a second base, insoluble in chloroform, 
which Abelous and his collaborators had apparently overlooked. This 
base was only present in small quantities, and the large amount of 
material necessary for its examination enabled us to identify the chloro- 
form soluble base at the same time. Abelous and Ribaut“ have more 
recently analysed an oxalate of this latter base. After we had com- 
municated our results to Rosenheim, he was able to show that one 
ö base obtained by him from putrid placenta was identical with that one 
of our bases from putrid meat which was insoluble in chloroform, and 


C. R. Soc. de Biol. 1. pp. 468, 580, 1906. 
2 Brit. Med. Journ. 1907, u, p. 1150. 
The physiological experiments were performed for us by Dr H. H. Dale. 
C. R. Soc. de Biol. 1. p. 908. 1908. 
PH, XXXVIII. 23 
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that a second chloroform soluble base, which he also obtained, was 
probably identical with that of Abelous. 


Method of putrefaction and preparation of extracts. 


In 1906 one of us confirmed A belous’ original observation, working 
on a small scale with ox hearts; in 1908, however, when we wished to 
isolate the bases, we found it preferable to use horse-meat and to modify 
Abelous’ method. The muscle was taken from a horse immediately 
after death, and placed in cold storage. When required, it was freed 
from fat and tendon, minced, placed in large bottles, each holding 
10 kilos, and allowed to putrefy at 37°. The bottles were corked and 
provided with a tube to conduct offensive gases up the chimney of the 
incubator room. In Abelous’ experiment an equal quantity of water 
was added, but we omitted this in order to avoid unnecessary evapora- 
tion of the extract. The meat was not infected with any particular 
organism, although we occasionally added a little material from a 
previous successful putrefaction. The conditions were in some experi- 
ments strictly anerobic (carbon dioxide and mercury trap), in others 
only approximately so; we could not trace any effect on the yield of 
physiologically active bases. After 6—8 days, when the mass had partly 
liquefied, the bottles were placed in a steamer and the proteins coagulated 
at 100° with hydrochloric acid (the only really unpleasant operation). 
After filtration in the open air the filtrate was evaporated to a thick 
syrup in a vacuum-pan provided with a sulphuric acid trap, by which 
means the escape of bad odours into the laboratory was completely 
obviated. Abelous and his colleagues precipitated the concentrated 
extract with absolute alcohol, but we found it much better to continue 
the evaporation further, mix the soft residue with sand and extract with 
acetone, which is a more powerful protein precipitant than alcohol and 
yet a sufficiently good solvent for the hydrochlorides of the bases in 
question. In this way we at once obtained a much cleaner solution and 
we could omit the precipitation with mercuric chloride employed by the 
French chemists. After evaporation of the acetone a dark brown liquid 
remained containing a considerable quantity of fatty acids, This liquid 
was generally completely miscible with chloroform and its chloroform 
solution was extracted with dilute hydrochloric acid; in this way the 
bases were removed, and the fatty acids and colouring matter remained 
behind in the chloroform layer. 
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Identification of the base soluble in chloroform. 


The acid solution of the bases was washed with chloroform, made 
alkaline and repeatedly extracted with ether. The ethereal solution 
was dried with sodium sulphate and precipitated with an ethereal 
solution of anhydrous oxalic acid. The filtrate from the precipitated 
oxalates did not contain any pressor substances ; the oxalate itself readily 
crystallised from alcohol and the crystalline oxalate represented nearly 
the whole of the chloroform-soluble pressor principle; from the mother 
liquors on concentration a little of a more soluble oxalate eventually 
separated, but this had no pressor action. After recrystallisation from a 
mixture of alcohol and acetone the physiologically active oxalate melted 
at 166° and was analysed. The substance was dried in vacuo over 
sulphuric acid ; it was found impossible to dry to constant weight at 
100° because of decomposition and loss of base. 


0°2080 grm. gave 0-3618 CO, and 0-1578 H,O; C=47°53, H=8-40. 
0°2046 grm. gave 13-7 o. o. of moist N at 765 mm., and 11°C.=8-0 per cent. N. 


Found CYH N 
Cc 47°58 47°46 
H 8°40 8°48 
N 8-0 79 


The analyses agree with the formula C,H,,N .C,H,O, which is that 
of the acid oxalate of an amylamine. By heating the salt with an 
excess of lime we obtained a small quantity of the free base which 
boiled at 89—90 and possessed the characteristic smell of a fatty amine. 
(Isoamylamine is stated to boil at 95°.) We determined its vapour 
density according to Victor Meyer's method. 

0-0745 gave 21c.c. of moist air at 761 mm. and 10°C. V.D.=41°5; W 
caleulated for O,H,,N =43°5. 

The free amine was converted into the hydrobromide by adding 
alcoholic hydrobromic acid to its solution in ether. It formed glistening 
plates m.p. 225° which were non-deliquescent but extremely soluble in 
water. The hydrochloride, i.e. the salt first obtained by Abelous and 
his colleagues, was even more soluble and could not be obtained pure. 


0.1298 grm. gave 0°1712 CO, and 00939 H,O; C=861, H=81. 


Calculated for 
85°7 
H 8˙1 8˙3 
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The amine was a primary one, for it gave a strong odour of isonitrile 
on heating with alcoholic potash and chloroform. 

Eight isomeric amylamines are theoretically possible, but only two 
of these, those derived from leucine and from isoleucine, are likely to 
appear as products of putrefaction. Since the base was optically 
inactive it could not be derived from isoleucine and was most probably 
therefore isoamylamine (CH,,: CH. CH.. CH. NH,, which is formed 
from leucine by loss of carbon dioxide. 

We therefore compared synthetic isoamylamine acid oxalate with 
the salt obtained from putrid meat. The former melted at 169°, the 
latter at 166°, and a mixture of the two at 166°. In the course of our 
experiments we also obtained from meat an oxalate melting at 200°, which 
on distillation with lime gave a base which could afterwards be converted 
into the oxalate of m.p. 166°. This was evidently the normal exalate of 
isoamylamine ; it melted at 200°, a synthetic specimen melted at 207°, 
and a mixture of the two salts at 203°. The physiological activity of 
synthetic isoamylamine was qualitatively and quantitatively identical 
with that of the base obtained from putrid meat and inferior to that of 
normal amylamine (see Barger and Dale, Proc. Physiol. Soc. Jan. 23, 


1909). The observed boiling point of the natural base agreed fairly 


well with that given for isoamylamine. 

We lay stress on the various points proving the identity of isoamyl- 
amine with the base from putrid meat; Abelous and Ribaut' have 
assigned to the latter base the provisional formula C,H,,NO, based on 
the analysis of a supposed neutral oxalate melting at 170° and of a 
platinum salt. Although the melting point given is but slightly higher 
than that of acid isoamylamine oxalate and much lower than that of the 
normal oxalate, it is most probable that the French authors were dealing 
with an impure specimen of the latter salt, which had been partially 
decomposed by heating at 100°. We have indeed found that the acid 
salt slowly loses weight at 100°, and this loss of weight is accompanied 
by a fall in the percentage of carbon, hydrogen and nitrogen, evidently 
due to a loss of amine. It is therefore intelligible why Abelous 
and Ribaut found for their (admittedly impure) salt somewhat less 
carbon, less hydrogen and less nitrogen than is required by the formula 
(C,H,,N),.C,H,O,. As most of our material had been prepared by a 
slight modification of Abelous’ process we prepared a quantity of the 
‘hydrochloride strictly according to his directions (using alcohol and 
merourio chloride), dissolved it in sodium hydroxide and distilled with 
, . . R. Soe. de Biol, 1. p. 908. 1908. 
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steam, when it was found that the whole of the pressor substance had 
passed into the receiver. g 


Identification of the second pressor principle. 


When the crude acid solution of the bases, after washing with 
chloroform, was made alkaline and distilled with steam until no more 
pressor principle passed over, the solution was still strongly active 
physiologically. The whole of the pressor base in the distillate could 
readily be extracted by chloroform, but the non-volatile portion could 
not be extracted at all by this solvent, nor by ether or ethyl acetate, 
In concentrated aqueous solution it was precipitated by phospho-tungstic 
acid, but scarcely at all by lead acetate or mercuric chloride, Its isola- 
tion became possible by the observation that it was readily removed by 
amyl alcohol from a solution containing a slight excess of sodium 


carbonate, but not from a solution containing 1 sodium hydroxide, nor 


from an acid solution; the substance was thus immediately characterised 
ö as a phenolic base. By washing the solution in sodium hydroxide with 
amyl alcohol, all other bases and the neutral substances were removed; 
the solution was then neutralised and again made alkaline with a slight 


excess of sodium carbonate. On extraction with amyl alcohol the 
pressor principle was now removed in a relatively pure condition, The 
amyl alcohol was removed by distillation in vacuo and steam distillation, 
As tyrosine is the only phenolic fission-product of protein, we 
suspected a relationship of the base to tyrosine, similar to that which we 
bad already observed between the first pressor principle and leucine. 
In that case the second pressor principle would be p-hydroxyphenylethyl- 
amine, formed from tyrosine by elimination of carbon dioxide, This 
| hypothesis received support from the fact that the purified aqueous solu- 
tion of the base gave a strong Millon reaction. : 

We therefore benzoylated the base according to Schotten- 
Baumann; after the benzoyl-derivative had been dried on a porous 


plate, it readily crystallised from alcohol in needles melting at 169°, 
which were found to be identical with dibenzoyl-p-hydroxyphenylethyl- 
amine, first prepared by Emerson’. On recrystallisation from alcohol 
, the melting point was 170° (uncorr.) and was found to be identical with 


* 


1 Beitr. 2. chem. Physiol, u. Pathol. 1. p. 501. 1902. 3 
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that of a synthetic preparation. A mixture of the two also melted at 
170°". 


0-097 erm. gave 0'2785 CO, and 0-0626 Hao; C=76°35, H=6°0. 


Found 
0 76°35 16-5 
i 6-0 55 


The aqueous filtrate, after benzoylation, was physiologically inert. 
The benzoyl derivative was hydrolysed by heating with 20°/, hydrochloric 
acid for two hours to 140°, and was then found to have a strong pressor 
action. The same physiological effect was observed with specimens of 
p-hydroxyphenylethylamine prepared by sublimation from tyrosine and 
synthetically by reduction of p-hydroxybenzyleyanide. — p-hydroxy- 
phenylethylamine has a much more powerful pressor action than 
isoamylamine. 


Probable identification of a third pressor principle in putrid meat. 
Having thus obtained two pressor substances closely related to 


amino-acids, we considered whether other amino-acids might not yield 


pressor bases by a similar elimination of carbon dioxide. Barger and 
Dale“ have shown that isobutylamine has a very slight pressor action 
and it is possible that this substance occurs in putrid meat as a decom- 
position preduct of valine; the physiological effect is however too small 
to lead to the identification of the substance. Phenylethylamine is 
known to occur in the putrefaction of gelatine, probably as a decom- 
position product of phenylalanine, and since synthetic phenylethylamine 
was found to have a powerful pressor action, we attempted to isolate 
this substance from putrid meat. 


For this purpose the amyl alcohol extracts of the 1 „„ 


solution, obtained in the preparation of „„ 
wers used. Steam distillation had been omitted and the quantity used 
represented 40 kilos. of meat. After removal of the amyl alcohol by 
distillation, the dark brown residue was dissolved in chloroform, and 


extracted with hydrochloric acid. After making alkaline, the bases 


1 Dr Rosenheim, having obtained the same benzoyl derivative from putrid placenta, 
found that it gave Mörner's reaction for tyrosine. At his suggestion we have tested our 

2 Loc. eit. 
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were transferred to ether; the solution was dried and the ether 
evaporated. On distillation isoamylamine first passed over. A few 
drops of a fraction boiling between 190° and 210° were collected and 
dissolved in dry ether. (Phenylethylamine boils at 198°.) On adding 
alcoholic hydrochloric acid a hydrochloride separated out which was 
crystallised from alcohol and ether and dried on a porous plate. 
2 milligrammes of this produced, on intravenous injection into a pithed 
cat, the effect illustrated in Fig. 1; the effect is very similar to that 
produced by the same quantity of synthetic phenylethylamine. 

The boiling point of the free base excludes the presence of either of 
the two pressor substances already described; that of isoamylamine is 
further excluded by the readiness with which the hydrochloride separated 
out on adding alcoholic hydrogen chloride to its ethereal solution and 
by the intensity of its pressor action. Finally, p-hydroxyphenylethyl- 
amine was absent because the solution did not give the Millon reaction. 
It is, therefore, very probable that the pressor action of an extract of 
putrid meat must, to a slight extent, be attributed to the presence of 
phenylethylamine. 


Fig. 1. Carotid blood-pressure of @ pithed cat. At 42 milligrams of erystalline 
hydrochloride (presumably of phenylethylamine) were injected intravenously. 
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Discussion of results, Production of bases from amino-acids, . 

The putrefactive formation of isoamylamine has hitherto only been 
observed in yeast; it has also been stated to occur in cod liver oil 
prepared by the old method, i.e. by putrefaction of the livers, and 
Nencki" obtained an amylamine from cheese. p-hydroxyphenyletbyl- 
amine was found by Emerson* in pancreas, autolysed under conditions 
regarded as excluding putrefaction and the yield was increased by the 
addition of tyrosine; the same base was found by Langstein“ in 


prolonged peptic digestion. Abderhalden‘ was unable to confirm 


Emerson's results and considers that the p-hydroxyphenylethylamine 
is formed by putrefaction. 

It is extremely probable that in each case the base is formed from 
the corresponding amino-acid, as was proved by Ellinger for putrescine 
and cadaverine. We were, indeed, unable to obtain an appreciable 
amount of pressor substance from putrefied broth to which leucine had 
beén added. In the case of tyrosine, however, we obtained a positive 
result; 17 gram of tyrosine was dissolved in the calculated quantity 
of sodium hydroxide and added to 300 c.c, of broth, After sterilisation 
the broth was infected with a culture from human feces, and was 
allowed to putrefy for 4 days at 37°, together with the same quantity 
of broth, similarly infected; but without the addition of tyrosine. At 
the end of the incubation period both samples of broth were precipitated 


with basic lead acetate; after removal of the lead and concentration, 


09 gram of tyrosine crystallised out from the one solution and was 
filtered off. After extraction with amy! alcohol and removal of the 
solvent by steam distillation, both extracts were examined physiologically. 
The effect is illustrated by Fig, 2; solution A was prepared from the con- 
trol broth, solution B from the broth to which tyrosine had been added ; 

in each, case 5 c.c,= 150 Ce, of broth were injected. By subsequent 


injections Pr Dale found that the pressor action of the 5 c.. of solution 


nded to 2—3 milligrams of p-hydroxyphenylethylamine. As 


mie cht of solution was equivalent to 0°85 gram of tyrosine added 
do the*broth, it follows (on the assumption that the pressor effect observed 
was indeed wholly due to p-hydroxyphenylethylamine) that 0°3—0°5 °/, 
el the a supplied was transformed to p-hydroxyphenylethylamine, 


es | * Berichte, x, p. 1084, 1877. 


“a Beitr. 2. chem. Physiol. u. Pathol, 1. p. 501. 1902. 
„„ wid. l. p. 507, 1902. 
* d. physiol. Chem. Berlin, 2nd edit, 5. 858. 1909, 
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i.e. a quantity of the same order of magnitude as that obtained in the 
putrefaction of meat, when the amount formed corresponded to some- 


Fig. 2. Carotid blood-pressure of a pithed cat. At 4 6 0.0. of solution A were 
injected intravenously, at B 5 c.c. of solution B. (See text.) ¥ 


This result induces us to emphasise the probability that the amines * 
which we have isolated are normally formed by putrefaction in the : 
intestine and are absorbed from it. Abelous indeed suggests that be 
pressor base he has obtained from urine and named urohypertensine is 
identical with the substance observed by him in putrid meat (presamably * 
therefore isoamylamine). Although we have evaporated ‘some 
litres of human urine, we have not been able to obtain enough Of the 
urinary pressor base for identification, and must leave its identity with 
isoamylamine in doubt. We found, however, that nearly all, if not all, 
the pressor action is due to a substance which is volatile with steam. 


p-hydroxyphenylethylamine, 


HO< OE. NH. 
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is pharmacologically to adrenaline 
HO 
HO < CH(OH). CH,. ‘NH. CH, 


and to the alkaloid hordenine 
HO< c.. CH. N(CH,), 
obtained by Léger’ from malt and examined pharmacologically by 


Camus“. 

The details of the physiological effect of the amines isolated by us 
from putrid meat are * investigated by Drs Dale, Dixon and 
Taylor. 


SuMMARY. 


In the putrefaction of horse-meat bases are formed which cause a 
rise of arterial blood-pressure, when injected intravenously, and which 
are derived from amino-acids by loss of carbon dioxide. 

The following have been isolated: isoamylamine (from leucine), 
p-hydroxyphenylethylamine (from tyrosine), and probably phenylethyl- 
amine (from phenylalanine). Of these the second is the most active. 

We consider the pressor base, previously obtained from putrid meat 

by Abelous and his colleagues, to be isoamylamine. 


1 C. R. UA. p. 108. 1906. 
2 Arch. int. de Pharmacodyn, et de Ther. xvi. p. 43, 1906. 
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THE LIVER, KIDNEY AND HEART. Part Il. By 
PERCIVAL HARTLEY, Grocers’ Company Research Scholar. 


(From the Lister Institute of Preventive Medicie.) 


CONTENTS. 


Che fatty acids present in the lecithin-like substances of the liver 
“Separation of the saturated and unsaturated acids 
2 The action of bromine on the unsaturated acids . 
aa The oxidation of the unsaturated acids of the liver 
; The study of the products of this oxidation : 
(A) The saturated acids . a 
(B) Dihydroxystearic acid ° 
(C) Tetrahydroxystearic acid 
O) Octohydroxyarachidic acid 
55 (E) The volatile acids 
(F) The residue 
Discussion of the results 


38888888 38882 
— 


| cy 
_Intropvuction. In a paper published in 1907 it was shown that the 
fats occurring in the liver, kidney and heart differ in their properties 
from those found in the adipose connective tissue. The fats fromthe — 
organs yield on saponification a mixture of higher fatty acid Wie ies, 
far more complex than the mixture obtained by saponificatiqn of the * 
connective tissue fat. This latter consists of stearic, palmitie ag eier 
acid, but the fatty acids from the organs contain in addition to these - 4 
three, higher fatty acids which are more unsaturated than oleic acid.” 5 
* Thus the fatty acids from the adipose tissue have a low iodine e re 

(35—65) and are unaffected by heating and by exposure to air, 5 5 
. fatty acids from the organs on the other hand have a very high 1 
* value (115—135), and when exposed to the air or when heated undergo 

PH. XXVII.. 24 


« 


a\ 


> 
> 
> 
8 
„ 
— — — — a 
* 
~ 
* 
* 
~~ 4 — 
— 
— — — 
| 
é * 
* 
_| 
~ 
2 
* 
~ 4 
| 
1 
4 
1 


354 P. HARTLEY. 


changes whereby the iodine value diminishes, and at the same time a 
portion of the fatty acids is converted into a resinous substance which is 
insoluble in petroleum ether. It was shown that the higher fatty acids 
from the organs are similar in their properties to the so-called drying 
oils, substances which contain the glycerides of acids more unsaturated 
than oleic acid. 

Since the publication of the above paper the nature of the fats 
occurring in the liver has been further investigated, with the object of 
obtaining more exact information regarding the individual fatty acids 
which compose the mixture obtained by the method of preparation 
already described. The earlier experiments had shown that the fatty 
acids obtained from the liver, kidney and heart muscle are very similar 
in character. The most convenient source of the fatty acids, however, 
is the liver, and the liver of the pig is especially suitable. The large 

quantities of material used in the experiments, the results of which are 
described in the following Pages were obtained exclusively from the pig’s 
liver. 


THE FATTY ACIDS OCCURRING IN THE LECITHIN-LIKE SUBSTANCES 
OF THE LIVER. 


It is well known that the fats occurring in the active organs of the 

body are present not exclusively as simple glycerides as in the case of 

the fat of the adipose connective tissue, but to a considerable extent as 

N more complex substances of the nature of lecithin, jecorin, cuorin, &c. 
** Henriques and Hansen showed that the lecithin of the yolk of eggs 
yielded fatty acids having a high iodine value and argued from this 
that a considerable portion of these acids belonged to the linoleic series. 
More recently Erlandsen™ has studied the lecithin-like substances 
occurring in the heart muscle of the ox, and he has shown that the fatty 
“noid present i in some of these substances are more unsaturated than 

_ plete has been shown that highly unsaturated acids occur in 
ig liver, ‘kidney and heart, but by the methods adopted for their 
„een tio information was obtained concerning the manner in which 
. acids are combined. In the light of Erlandsen’s results it 
. to be of interest to discover whether the more unsaturated 
x of the liver are present as simple glycerides or in the form of more 


were carried out in order to investigate this point. 


* 


plex substances of the nature of lecithin. The following experiments 
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200 grams of fresh liver tissue, reduced to a fine pulp, were shaken with 600 0. o- 
alcohol and allowed to stand for three hours. At the end of this time the alcoholic 
extract was filtered through linen, and to the residue a second quantity (600 0. e.) of 
aloohol added and the whole allowed to stand over-night. The alcoholic extract was 
separated as before, and the residue was ground up with sand and extracted a third time 
with aleohol. The three alcoholic extracts were added together and the alcohol distilled 
off at reduced pressure. The residue remaining in the flask was dissolved in a small 
quantity of ether, and acetone added until the addition of this fluid produced no further 
presipitate. The precipitate was filtered off and dissolved again in a small quantity of 
dry ether, and acetone added to the ethereal solution until no further precipitate was pro- 
duced. The precipitate so obtained weighed 4°25 grams: it was almost pure white in 
colour. The iodine value was determined at once and was found to be 96°7. A portion 
was then saponified with alcoholic potash, and the fatty acids precipitated with sulphuric 
acid and extracted with petroleum ether. The iodine value of the higher fatty acids thus 
obtained was 143 9. 

From the acetone-ether solution 2-98 grams of substance were obtained the iodine 


value of which was 101-9. On saponification this yielded fatty acids having an iodine 
value of 127°7. 


The residue remaining after extraction with alcohol (sand and tissue) was extracted with 
ether. A small quantity of substance was obtained, iodine value 101°6. 
A portion of the same liver was saponified ice ² wacung the iodine value 


of the fatty acids was 129-0. 
The method described above for the preparation of lecithin is one 
devised by Roaf and Edie“. The solid precipitated from ethereal 
solution by acetone consists in the main of lecithin and similar substances; 
and the experiment shows that, the fatty acids present in the lecithin- 
like substances of the liver are unsaturated acids; the iodine value 
being 1439 it is clear that some of these acids are more unsaturated 
than oleic acid, and as some of the fatty acids obtained from this lecithin 
fraction were solid, saturated acids, it is probable that some of the 
unsaturated acids contain more than two unsaturated li 
The acetone-ether solution contains chiefly neutral fat, although 
the rather great difference between the iodine value of the original 
substance (101-9) and the higher fatty acids obtained by saponification 
(127°7) indicates that other substances are also present. The product 
obtained by extracting the residue with ether also consists of neutral fat, 
and the fairly high iodine value (101°6) shows that at least some, of the 
unastuxsted acids are present in the form of neutral Shed 
* 


SEPARATION OF THE SATURATED AND UNSATURATED ACIDS, 


The separation is based upon the solubility of the lead salts of the 
unsaturated acids in ether, and was carried out in the following manne, 


1 Compare Kennaway and Leathes, Lancet, Jan. 9th, 1008. 
24—2 


⁰ q 
* 
x 
4 
> 
“a 
7 
* 
| 
14 
14 
— * 4 


356 P. HARTLEY. 


50 grams of the higher fatty acids were dissolved in 500 b. 6. of a 2°/, solution of 
caustic potash and the excess of alkali neutralised with acetic acid, phenol phthalein 
being used as indicator. 750 0. 0. of a 7% solution of lead acetate was heated to boiling 
and the hot solution of the soaps slowly run in. A dense precipitate was thrown dow, 
which adhered almost completely to the sides of the vessel. When cool the clear super - 
natant fluid was poured off and the lead soaps washed three times with hot water, and 
then dried. The dried lead soaps were warmed with 1°5 litres of ether; the ethereal 
solution was filtered off and the residue extracted again with 500 o.c. ether. The 
ethereal solution of lead salts was shaken with 20 % hydrochloric acid, and the lower 
layer of lead chloride and water drawn off. The ethereal solution of unsaturated acids 
was washed with water until the washings were free from acid. The ether was distilled 
off on the water bath, the last traces being removed by heating at reduced pressure in a 
stream of dry carbon dioxide. The iodine value of the unsaturated acids was determined 
at once. 

The amount of unsaturated acids obtained in different experiments varied considerably ; 
usually from 40 % to 50°), of the original acids were, according to this method, unsaturated. 
The iodine value of thé unsaturated acids also varied a little and was usually from 165 to 
175. The separation of saturated and unsaturated acids by the method described above, 
although perhaps the best available, is not a quantitative one. This is shown by the fact 
that the lead soaps insoluble in ether yield higher fatty acids the iodine value of which is 
sometimes considerable. In one case this was found to be as high as 53-2, but in others 
it was much lower (from 20 to 30). Other experiments were carried out in which smaller 
quantities of higher fatty acids were used, but no better results were obtained, some un- 
saturated acid always remaining unextracted. 

The unsaturated acids prepared in this way are likely to be mixed with cholesterol and 
unsaponified matter. These were removed by extraction of the solution of the potassium 
salts of the acids with ether. The mean molecular weight of the purified acids was 
determined. | 


0.8281 gm. acids neutralised 20-1 10 NaOH. M.W.=812°6. 
0-5958 gm. acids neutralised 19°83 0.0. 10 NAOH. M. w. 805 · 4. 


Since the molecular weight of stearic is 284, the results given above indicate the 
presence in the liver of an unsaturated acid the molecular weight of which is higher than 
that of stearic acid. 


Distillation of the methyl esters of the unsaturated acids. 


An attempt was made to separate the unsaturated fatty acids by fractional distillation. 
As is well known, the methyl esters of the higher fatty acids distil at a lower temperature 
than tl corresponding fatty acids. The methyl esters of the unsaturated acids were 
there prepared and submitted to fractional distillation. 

To 125 grams of unsaturated acids (iodine value 1701) were added 200 c. c. methyl 
alcohol, and to the mixture 10 c.c. of concentrated sulphuric acid were slowly run in. 
The mixtute was heated for two hours and the esters separated and collected in the usual 
way. On standing in an ice-room for twelve hours a crystalline solid separated out. This 
was filtered off, crystallised from 70 %% alcohol, and was identified as cholesterol. 
Cholesterol appears to be less soluble in the methyl esters of the liver fatty acids than in 
the acids themselves; in the whole course of these experiments in which many prepara- 
tions of the unsaturated acids from the liver have been made, the separation of cholesterol 
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from the fatty acids with which it is mixed has never been observed. The iodine value of 
the esters was 167°4. 96°8 grams of the esters of the mixed unsaturated acids were dis- 
tilled at a pressure of 8 mm.; the course of the experiment was followed by determining 


the iodine value of the different fractions collected. The results are shown in the follow- 
ing table. 


TABLE L 
No. of Temp. of Weight of ine : 
1 160°—170° gms. 146˙2 
2 170°—180° 47 „ 212-2 
3 180°—190° 88 „ 249°2 
4 over 190° 465 „ 249˙2 


The total amount of esters distilled was 81-1 grams, about 84 % of the total used in 
the experiment. More than two-thirds of this was collected in the first fraction. A 
comparison of the iodine values of the various fractions shows that this increases with 
increasing boiling point: a partial separation has been effected, the more unsaturated 
acids distilling at the higher temperatures. The first three fractions distilled as almost 
colourless oils, but the last fraction was yellow in colour. In an earlier paper reference 
was made to the ease with which the unsaturated acids of the liver undergo oxidation, 
and this was again illustrated in the above experiment. Towards the end of the distilla- 
tion there were unmistakable signs of decomposition, and, judging from the figures 
obtained for the iodine values of the various fractions, it is the more unsaturated acids 
which decompose on heating, even at low pressures. A residue remained in the distilling 
flask which was dark in colour and viscid. The iodine value was 1264. 

The large fraction (1) was again distilled and a further separation was effected. 
62-6 gms. esters were used and the distillation carried out at 2 mm, pressure. 


TABLE II. 

No, of fraction Temperature Weight of fraction Iodine value 
la 150°—155° 29°4 gms. 127°5 
1b 156°—159° 273 „ 159°0 
le over 159° 86 „ 2 


Fractions 1c (Table II) and 2. (Table I) were mixed together, and fractions 3 and 4 
(Table I) were mixed together and redistilled. * 
further examination, viz. la, 1b, (Ie +2) and (370. ot * 


Saponification of the esters and examination of the acide, 


A weighed quantity of the esters was saponified with alcoholic potash, The resulting 
soap was dissolved in water and the soap solution thoroughly extracted with petroleum 
ether in order to remove cholesterol and unsaponified matter. The soap solutions were 
then acidified with 10% sulphuric acid, and the liberated fatty acids separated in the usuel 
were determined in each case. The results are shown in the following table. 
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TABLE III. 

Weight Iodine Weight Iodine 
la 6-0 gms. 127°5 5-66 gms. 129°5 287 
1b 60 „ 159°0 547 „ 162°3 290 

227-2 

(le+2) „ {519-0 226·1 805 
8+4 101 „ 249°2 9°53 „ 264-9 818 
Molecular weight determinations: data. 
Fraction la 0-6528 gm. acids neutralised 28°75 0.0. 10 NaOH. 

1b 0°6593 * „ 

” (le + 2) 0°6193 * ” 20°8 0. 0. ” 

„ 06191 %% „ 


The bromine absorption of the different fractions. 

| The higher fatty acids which contain three or more unsaturated 
linkages within the chain form addition products with bromine which 
are insoluble in the common organic solvents, while oleic and linoleic 
acids form addition products which are easily soluble. The “ hexabromide 
test” is based upon these facts, and it is used for determining the 
amount of linolenic acid, or acids more unsaturated than this, in a 
mixture of unsaturated acids. The amount of insoluble addition 


products formed when the fatty acids from each of the four fractions 


mentioned above are treated with bromine was determined in the 
following way. 


In each case a known weight of acid was used. e of ding busen to 
unite with the unsaturated acids was calculated and a slight excess of this quantity was 
used. The acids were dissolved in glacial acetic acid and the solution cooled to 5° C. 
The bromine was also dissolved in glacial acetic acid and was added very slowly to the 
solution of the acids. Rise of temperature was avoided and in no case was the evolution 
of hydrobromic acid observed. After the addition of the bromine the whole was allowed 
to stand for three hours and the separated solid was then filtered off, washed first with 
cold acetic acid, then with cold alcohol and finally with cold dry ether. The precipitate, 
which was pure white in colour in each case, was dried and weighed. The results are 
collected in the following table. 


TABLE IV 
Weight of Total 
No. of Bromine bromination 
traction product product, % 
1a 1 0.0. 0°246 gms. 6°66 gms. 8°7 
2 0.0. 2-260 „ „ 
＋ 2 0.0. 8-311 „ 800 „ 41-4 
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The following conclusions may be drawn from the results given in 
the four preceding tables. 

1. Fractional distillation of the methyl esters of the unsaturated 
acids from the liver effects a partial separation. 

2. The fractions la and 16 consist chiefly—the former almost 
entirely—of oleic and linoleic acids; fractions (10 + 2) and (3 + 4) con- 
tain large quantities of acids more unsaturated than linoleic acids. 

3. The molecular weights of the acids of the first two fractions are 
of the same order as that of stearic acid, and indicate that the unsaturated 
acids of these two fractions contain eighteen carbon atoms. The molecular 
weights of the acids of the last two fractions however are much higher 
and point to the presence of acids containing twenty carbon atoms. 

4. The fact that the fractions yielding acids of high molecular 
weight have also high iodine values suggests that the two properties 
may be related ; that is, the acids of high molecular weight may be the 
acids more unsaturated than linoleic acid. 


Tux ACTION OF BROMINE ON THE UNSATURATED ACIDS. — 


These experiments were carried out with the object of securing 
somewhat larger quantities of the insoluble bromination products, in 
order to study their properties and subject them to analysis, Further, 
a determination of the amount of insoluble bromination products 
provides a means of estimation of acids of the type C, H. .O, and 
C, HO, present in the mixture of fatty acids from the liver. 


A weighed quantity of the mixed (saturated and unsaturated) fatty acids from the liver 
was treated with bromine and the insoluble products of bromination were separated in 
the manner already described. Now linoleic hexabromide is soluble in benzene, whereas 
the octobromides are quite insoluble. The insoluble precipitate was therefore extracted 
with benzene in order to remove any hexabromide present in the mixture. The extraction 
with benzene was extended over many days and was continued until no more solid was 
extracted. In this way a small amount of solid was extracted which melted with decom- 
position at 222°—224°, but analysis showed that the substance was certainly not a hexa- 
bromide. By far the greater quantity was insolable in bensene, and analyses of different 
preparations gave the following figures : 


0 gm. substance gave 0°2498 gm. AgBr. Br=67°4 °,. 
1489 gm. substance gave 0°2359 gm. AgBr. Br 674% 


(2) 0-1571 gm. substance gave 02492 gm. AgBr. Br=67-5 % 


In a third preparation extraction with benzene was followed by extraction with ethyl 
acetate, and subsequent analysis gave the following figures : 
(3) 0-1927 gm. substance gave 0°8073 gm. AgBr. Br=67°8 °,. 97 
Calculated for C% H. O, Br. Br=67°8 %. 
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The substance is therefore octobromoarachidic acid, and is derived 
from an acid in the liver, CH,, O,, having four unsaturated linkages in 
the chain. An acid of this composition is stated to occur in herring 
oil (Bull) and Tsujimoto has prepared octobromostearic acid, 
CH, O, Br., from the fatty acids from sardine oil. Heyerdah!” 
prepared an octobromide from the fatty acids of cod-liver oil to which 
he ascribed the formula C,,H,,0,Br,. 

The properties of the octobromoarachidic acid prepared from the 
liver fatty acids are in complete agreement with those of the similar 
substances prepared by other workers from other sources. It is a white 
solid which, on heating, becomes discoloured at about 220°, but it does 
not melt when heated in a capillary tube in the ordinary way. On 
platinum foil it first melts to a dark brown liquid and then burns away 
completely. It is quite insoluble in all organic solvents; hence it cannot 
be purified by the usual method, viz. crystallisation. On account of the 
easy solubility of the other products of bromination however, the pro- 
longed extraction with various solvents adopted in all these experiments 
renders it highly probable that the octobromoarachidic acid was obtained 
almdst, if not quite, pure, and the figures given for the analysis of the 
three different specimens confirm this. Other evidence of the presence 
of the acid CH, O, has been obtained and is referred to later. 

The amount of the acid C H, O, present in the liver fatty acids was 
determined on two different samples and amounted to 78% and 8°5°/, 
in the two cases. 

It may be noted here that in a long series of experiments on the 
action of bromine on the liver fatty acids, linolenic hexabromide has 
never been found among the products of bromination. Further, hexa- 
hydroxystearic acid has not been found among the products of oxidation 
of the liver fatty acids, in the experiments described below. Linolenic 
acid therefore does not appear to be present in the liver. 


THE OXIDATION OF THE UNSATURATED ACIDS OF THE LIVER. 


Hazura demonstrated the presence of various unsaturated acids in 
different vegetable oils by oxidising the mixed acids with. alkaline 
permanganate and isolating the oxidation products. Thus, oleic acid 
yields dihydroxystearic acid, linoleic acid yields tetrahydroxystearic acid, 
and linol@nic acid yields hexahydroxystearic acid on oxidation. From the 

fatty acids of linseed oil, for example, Hazura obtained the three 
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hydroxy acids mentioned above, and thus demonstrated the presence 


of oleic, linoleic and linolenic acids in the original oil W. 

Now the liver fatty acids are characterised by the presence of many 
unsaturated acids, and according to Hazura’s rule should yield a 
variety of hydroxy acids on oxidation with alkaline permanganate, and 
the study of such oxidation products should yield some information 
concerning the unsaturated acids occurring in the liver. 

For the purpose of these experiments it was necessary to use large 
quantities of material, as the amount of hydroxy acids formed on oxida- 
tion is very small. The method sane are is illustrated in the some 
experiment. 


50 grams of mixed (saturated and unsaturated) acids were dissolved in 50 c.c. caustic 
potash solution (s.g. 1°145). The resulting soap was dissolved in two litres of water and 
the solution cooled to 0°. Two litres of a 14 % solution of potassiam permanganate, pre- 
viously cooled to 0°, were run in in a thin stream, the whole mixture being stirred with 
a turbine and the temperature maintained at the freezing point. When all the perman- 
ganate had been added, the solution was stirred for ten minutes, and a stream of sulphur — 
dioxide was then passed in until the manganese dioxide was dissolved and the reaction of 
the fluid was acid. A white flocenlent precipitate separated which was filtered off, dried 
on à porous plate and extracted in a Soxhlet with petroleum ether (B.P..35°—665°). 
The greater portion of the precipitate was dissolved out by the petroleum ether (A). The 
residue which remained was extracted with hot ether until all the ether soluble substances 
(B) were removed. The residue (C) remaining was treated in the manner described below. 

The filtrate was exactly neutralised with caustic potash solution. Some manganese 
dioxide separated out and this was filtered off and the clear solution was evaporated on 
the water bath until the volume measured about 200 Cc. Sulphuric acid (10°/,) was 
added and a strong smell like that of butyric acid was immediately observed. At the 
same time a fine white precipitate (D) separated which was removed by centrifuging. 
The clear liquid was then distilled in steam until all the volatile acids (E) had passed over. 
The residue (F) in the distilling flask consisted chiefly of inorganic salts, together with a 
considerable amount of tarry matter. 


Each of the fractions obtained was then submitted to further 
examination. 


A. The portion soluble in petroleum ether (saturated acids). 


The following yields were obtained in different experiments : 
(1) 50 grams mixed acids gave 28°4 grams. 56˙8 %%, 
(2) 50 ” ” * 28 7 ” 57-4 5 
(83) 86 „ ” ” 465 „ 54°7 %. 


This portion contains the saturated acids, the unsaturated acids which have escaped 
oxidation, and cholesterol. It was found that oxidation of the unsatarated acids was not 
complete, as on examination of the fatty acids in the three cases quoted above the iodine 
value was 42°6, 37-0 and 49-2 respectively. In other experiments in which more perman- 
ganate was used and the oxidation allowed to proceed for a longer time the iodine values 
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were very much smaller, but the yield of hydroxy acids was somewhat less, owing to 
further oxidation having taken place. 

Cholesterol was removed by extraction of the soap solutions with ether, and the mean 
molecular weight of the purified acids was determined. 


(1) 0-6052 gm. acids neutralised 22-4 0.0. 10 NaOH. M.W.=270. 


u. Ww. N. 

(% 11628 43°45 0.0. „ M. W. 272 

The molecular weight lies between that of stearic acid 284 and 
palmitic acid 256. But acids of lower molecular weight such as myristic 
acid, or of higher molecular weight such as arachidic acid, may also 
be present. To determine if this were the case, the methyl esters of 
the mixed acids were prepared and submitted to fractional distillation 
at reduced pressure. 

45 grams of mixed esters were distilled at a pressure of 4 mm., and four fractions were 
collected. A portion of each fraction was saponified and the mean molecular weight of 


the acids determined in each case. On cooling, the esters collected in each fraction 


solidified to a beautifully crystalline mass. The results are collected in the following 
table. 


TABLE V. 
Temp. of W 
No. vapour — weight of ack 
1 166°—170° 19°5 gms. 257 
2 170°—175° ot „ 260 
8 175°—180° 128 „ 272 
4 180° —190° 71 ” 280 
Molecular weight data. 


(1) 10474 gm. acid neutralised 40°7 0. 0. 10 Neon. 
(2) 0°8147 81°25 „ 
(8) 0°7995 10 % „ 
(4) 0°5500 ” 198 0.0. ” 
The acids from fraction 1 were recrystallised twice from alcohol and the crystals 
melted at 55°—56° and solidified at 54°. Analysis gave the following figures: 
0°1919 gm. substance gave 0°5288 gm. CO, and 0-2115 gm. H. O. 
O=74-4 /, H=12°2 %,. 
Caleulated for HO.. C= 780 „/, H=12°5 %, 
The acids from fraction 8 were recrystallised twice from alcohol. Large glistening 
plates separated which melted at 68-°6°—69-2°, 
Analysis : 
0-0955 gm. substance gave 0-2662 gm. OO, and 0-1111 gm. H,O. 
O=760%,, H=12°9 %, 
Oaloulated for CHO. C=760%,, H=12-7 
Stearic and palmitic acids are therefore present in the liver. 
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B. The portion soluble in diethyl ether and insoluble 
in petroleum ether (dihydrowystearic acid). 
This was a white crystalline substance, slightly soluble in cold 
ether and more soluble in the hot solvent. The following amounts were 
obtained in three experiments. 


N (1) 80 grams mixed acids gave 1°72 grams. M. P. 120°—128°. 
(2) 50 2-19 „ M. P. 122°— 124°. 
(3) 85 ” ” 2°17 M.P 120°—1238°. 


The crade substance was boiled with a large volume of water and filtered through a 
hot filter, The residue insoluble in water was recrystallised from 70 %½ alcohol, After a 
few crystallisations the melting point rose to 129°5°, and this did not alter after further 
recrystallisations from alcohol or any other solvent. On analysis the following figures 
were obtained : | 
(i) 0°1189 gm. substance gave 0°2859 gm. OO, and 0°1158 gm. H,O. 
C=68"4 %, H=11 %. 

(ii) 0°1077 gm. substance gave 0°2702 gm. CO, and 0°1105 gm. H, O. 
C=68°4 H= 11°4 
Calculated for Ci H,O.. C=68°4°,, H- 114% 


The substance is therefore dihydroxystearic acid and is derived from 

the oleic acid present in the liver. 

Dihydroxystearic acid is soluble in ether, alcohol, acetone and ethyl 
acetate and crystallises from any of these solvents, generally in the form 
of hexagonal prisms. It is also slightly soluble in chloroform and in 
boiling water, and differs in these respects from the dihydroxystearic 
acid described by other observers and prepared by them from different 
sources, and it differs from other dihydroxystearic acids in melting point. 
Thus Edmed™ gives 134° as the melting point of a dihydroxystearic 
acid prepared and studied by him, and Le Sueur™ synthesised a 
dihydroxystearic acid which melted at 126°. The reason for these wide 
differences in melting point is almost certainly due to the fact that a 
number of isomeric oleic acids exist which on oxidation yield different 
dihydroxystearic acids. At present only three such acids are known. 
One is present in olive oil and the constitution of this acid was 

determined by Ed med, who showed that the double linkage is situated 
exactly in the middle of the chain. Le Sueur synthesised an oleic acid 
in which the double linkage is situated between the a and g carbon atoms. 
A third oleic acid is known in which the double linkage lies between the 
eighth and ninth carbon atoms. 
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The differences observed in the melting point and solubilities of the 


dihydroxystearic acid prepared from the liver suggest that it is derived 
from an oleic acid in which the double linkage is situated in a position 


different from that occupied by the double linkage in the oleic acid from 


other sources. The following experiment was carried out in order to 
investigate this point. 


7°55 grams of dihydroxystearic acid, M. P. 129°, were dissolved in 250 0. o. of a solution 
containing 2°5 grams of caustic potash, and the solution heated on the water bath. A 
solution of potassium permanganate, containing 8 grams of the salt in 600 c.c. water, was 
added in small quantities at a time. An immediate reduction of the permanganate occurs, 
manganese dioxide being precipitated. When all the permanganate had been added the 
solution was cooled and the manganese dioxide filtered off. The filtrate was acidified 
with 10 %% sulphuric acid and the white flocculent precipitate (A) which separated was 
removed by centrifuging. The clear liquid was poured off and distilled in steam when a 
few drops of oil passed over. The distillation was continued until all volatile acid had 
passed over. Two preparations of the barium salt and one of the calcium salt of the 
volatile acid were made and analysed. 


(1) 03390 gm. barium salt gave 0°2122 gm. BaSO,. Ba=36°8 %. 
(2) 01799 „ ” 011289 „ Ba=36'9 %. 
(3) 0-1262 gm. calcium salt gave gm. Ca 80. =14°7 % 
Calculated for (O,H,,0,), Ba. Ba 37-4 %. 

„ (CgH,,0,), Ca. Ca- %,. 


The volatile acid formed in the further oxidation of dihydroxy- 
stearic acid is therefore caproic acid. The smell of this acid was very 
pronounced when sulphuric acid was added to the barium and calcium 
salts. 


The residue remaining in the distilling flask was evaporated to very small bulk and 
cooled. No solid separated, even on long standing. Ammonia was added until the 
solution was strongly alkaline, the whole boiled and calcium chloride solution added. 
A white precipitate was thrown down which was filtered off, dried and analysed. 

0°3537 gm. calcium salt gave 0°1572 gm. Ca=31°7 % 

Caleulated for C,0,.Ca. Oa=81°8%,. 


Oxalic acid is therefore a product of the oxidation of dihydroxystearic acid. The 
analysis shows that no other soluble dibasic acid of the oxalic series is formed on 
oxidation. 

The formation of caproic acid shows that the hydroxyl groups in the dihydroxystearic 
acid are attached to the sixth and seventh carbon atoms, reckoned from the methyl-group 
end of the chain. The other acid produced by the oxidation of dihydroxystearic acid 
must be decamethylene dicarboxylic acid [CH. ho - (COOH. This substance is but slightly 
soluble in water, and melts at 124°. It was therefore sought for in the precipitate (A). 
Analysis of the calcium salt showed that this consisted of a mixture of decamethylene 
dicarboxylic acid and unchanged dihydroxystearic acid. The melting points of these two 
substances lie very close together and the melting point of the mixture was 123°—125°. 
Attempts were made to separate the two, but owing to the small amount of material 
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available and the similarity of the solubilities of the two acids these were not successful. 
An attempt to remove the dihydroxystearic acid by treatment with more permanganate 
led to the formation of more caproic acid and more oxalic acid, and it is possible that 
under the conditions of the experiment decamethylene dicarboxylic acid is destroyed, 
oxalic acid being formed. 

There can be no doubt that the oleic acid in the liver is different 
from the oleic acid found in olive oil. It yields a dihydroxystearie acid 
on oxidation which differs, in melting point and in solubilities, from the 
corresponding substance described by Edmed. And the formation of 
caproic acid on oxidation shows that the double linkage lies between 
the sixth and seventh carbon atoms, reckoned from the methyl-group 
end of the chain. 

Experiments were then carried out in order to determine whether 
the oleic acid occurring in the adipose connective tissue is similar to the 
oleic acid of the liver. The fatty acids from the adipose connective 
tissue of the pig were first prepared in the ordinary way, and the 
oleic acid separated from the mixture by the lead-salt-ether method. 
The iodine value of the oleic acid was 948. It was oxidised at 0° 
with potassium permanganate and the dihydroxystearic acid thus 
obtained, after recrystallisation from ether, melted at 134°. The 
further oxidation with potassium permanganate was carried out in the 
manner already described : the volatile acid was distilled off and converted 
into the acid amide by the method of Aschan™. The amide, after 
crystallisation from petroleum ether and then from water, melted at 
93°—94°, and on analysis gave the following figures. 


0°1757 gm. amide gave ammonia corresponding to 10˙8 c.c. 
N=86",. 


Calculated for C,H,NO. N=89°%/,. 


The volatile acid, formed by the oxidation of the dihydroxystearic 
acid derived from the oleic acid occurring in the adipose tissue, is there- 
fore pelargonic (nonylic) acid, and the results show that the double 
linkage in the original oleic acid is situated exactly in the middle of the 
chain. 


C. The portion insoluble in cold water, petroleum ether and 
diethyl ether (tetrahydroaystearic acid). 
This was a pale yellow solid, and the yields obtained in different 
experiments varied considerably. In three cases, in each of which 
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50 grams of mixed acids were used, 62 grams, 44 grams and 79 grams 
were obtained. In the light of Hazura’s researches this should consist of 
tetrahydroxystearic acid, derived from the linoleic acid present in the 
original acids, The purification of the crude substance was carried out 
as follows. 


10 grams of the crude substance were boiled with three litres of water and filtered 
through a hot filter, On cooling the filtrate deposits small crystals: these were filtered 
off, dried and the melting point determined. The residue was then boiled again with 
three litres of water and the process repeated until the whole of the substance soluble in 
boiling water was extracted. In one experiment six extractions were made, the melting 
point of the various fractions being as follows: (i) 155°—157°, (ii) 156°—159°, (iii) 157°—161°, 
(iv) 164°—169°, () 170°—178°, (vi) 172°—173°. Fractions (v) and (vi) were mixed together, 
recrystallised first from 70 °/, alcohol and then from boiling water when a beautifully 
crystalline substance was obtained which melted at 175°. On analysis the following 
figures were obtained : 

0°1116 gm. substance gave 0°2545 gm. CO, and 0°1005 gm. H,O. 

O=62°2 % , H= % 

Caloulated for C=62‘1 °%,, H=10°8 %. 


The substance is therefore tetrahydroxystearic acid. The formation 
of this body on oxidation shows that linoleic acid is present in the 
mixed fatty acids obtained from the liver. The statement has been 
made that linoleic acid does not occur in animal oils. (Watts’ Dictionary 
of Chemistry, Vol. III. p. 147.) But this is not the case: linoleic acid 
is the most plentiful of the unsaturated acids occurring in the liver. 


In these experiments the amount of pure tetrahydroxystearic acid, melting at 175°, 
obtained was small, and a certain amount of evidence was obtained to show that another 
tetrahydroxystearic acid is formed by the oxidation of the mixed acids from the liver. The 
earlier fractions obtained by extraction of the crude substance with water are larger than, 
and possess a different melting point from, the later fractions from which a pure product 
was obtained. A large number of isomeric linoleic acids may exist according to the 
position of the double linkages in the chain, and these acids would yield on oxidation 
tetrahydroxystearic acids differing from one another in the positions occupied by the 
hydroxyl groups in the molecule. That such isomeric tetrahydroxystearic acids exist is 
rendered probable by the fact that when the unsaturated acids from different vegetable oils 
are oxidised, tetrahydroxystearic acids melting at different temperatures are obtained’. 
It is possible that two linoleic acids occur in the liver, one of which yields a hydroxy acid 
melting at 175°, and another which gives on oxidation a hydroxy acid, more soluble in 
water, and melting at a lower temperature. This would be present in the earlier fractions 
extracted, and it was found that these fractions after repeated crystallisations from different 
solvents gave a product the melting point of which was below 160°. The isomerism of the 
linoleic acids may be similar to that observed in oleic and elaidic acids; that is, the double 


1 The writer has found that when the fatty acids occurring in cotton-seed oil are 
oxidised, two tetrahydroxystearic acids are obtained, melting at 155°6°—156°5° and 173° 
° respectively. This fact was also observed by Hazura. 
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linkages may be similarly situated in the molecule, but the arrangement of the atoms 
around these linkages may be different in the two cases. On the other hand the two 
tetrahydroxystearic acids may be derived from two linoleic acids in which the double 
linkages are differently situated in the two cases. | 


These points are being investigated, but the experiments are not yet 
complete, An experiment on the further oxidation of the tetrahydroxy- 
stearic acid obtained from the liver fatty acids was carried out, and the 
results are given below. 


4°78 grams of tetrahydroxystearic acid were oxidised with alkaline permanganate in the 
manner already described. The manganese dioxide was filtered off and the solution 
acidified with sulphuric acid. A small amount of solid separated, which was centrifuged 
off, and the clear liquid was distilled in steam. The first 100 C. c. of distillate were 
collected and examined separately. A few drops of colourless oil appeared on the surface. 
The barium salt was prepared and analysed. ö 


0-1798 gm. barium salt gave 0:1842 gm. BaSO,. Ba = 440 % 


Two litres of distillate were then collected, and the barium salt of the volatile acid 
prepared and analysed. No insoluble oil was observed in this portion of the distillate. 


0-2556 gm. barium salt gave 0°2816 gm. BaSO,. Ba 621 
Calculated for barium acetate (C,H, O, Ba. Ba=58°8 %, 


The results show that when tetrahydroxystearic acid is oxidised with alkaline perman- 
ganate a mixture of volatile acids is produced. The analyses of the barium salts given 
above are not very conclusive. The latter portion of the distillate appears to consist of 
acetic acid. The presence of an insoluble oil in the first portion of the distillate together 
with the strong smell of caproic acid noticed when acid was added to the barium salt 
suggest the presence of caproic acid in this fraction, but other acids of lower molecular 
weight are also present. On the assumption that tetrahydroxystearic acid behaves like 
dihydroxystearic acid on heating with alkaline permanganate, the former substance should 
yield, under these circumstances, one volatile acid of the acetic series and two dibasic 2 
acids of the oxalic series. The tetrahydroxystearic acid from the liver yields acetic and ; 


caproic acids on oxidation, however, and it is possible that the acetic acid is formed from 
malonie acid which is first produced by the cleavage of the tetrahydroxystearic acid. 
Many of the acids of the oxalic series are readily converted, by loss of carbon dioxide, 


D. The portion soluble in water (octohydrowyarachidic acid). { 


This fraction of the oxidation products was first crystallised from 
50 % aleohol and then from hot water, in which it is easily soluble, until 
the melting point remained constant at 195°. It crystallises in small 
rectangular prisms. The amount of pure substance obtained from 
1 200 grams of mixed fatty acids from the liver was about half a gram, 
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Analysis: 
0°1425 gm. substance gave 0°2852 gm. CO, and 0°1182 gm. H,O. 
O=6546 %, H= % 
Caloulated for CH. % O=6545°%,, H=9'1 °,. 


The substance is therefore octohydroxyarachidic acid, and its 
formation in these experiments shows that an acid, C, H., O,, containing 
four unsaturated linkages, must be present in the liver. 


E. The volatile acids. 


The steam distillates from four experiments, in each of which 50 
grams of fatty acids were used, were neutralised with caustic soda 
solution and evaporated to dryness on the water bath. The residue was 
dissolved in the smallest possible quantity of water and 10°/, sulphuric 
acid added in slight excess. An oil separated and floated on the surface 
of the fluid. The whole was shaken out several times with ether, the 
ethereal extract dehydrated and the solvent distilled off from the water 
bath. The oil which remained was distilled from a small flask: five 
fractions were collected : 


No. Temp. Weight of distillate 

1 Below 100° 0-511 gm. 

2 100°—125° 0-490 „ 

8 125°—200° 0-403 „ 

4 200°—210° 0-005 „ 

5 210°—215° 0-229 „ * 


Each fraction was then examined in the following way: 


_ Fraction 1. This was completely soluble in water. Ammonia was added and the 
solution boiled until the reaction was neutral. A drop of ferric chloride was added to the 
neutral solution: a red colouration was produced and on boiling a reddish brown precipi- 
tate was thrown down. Silver nitrate solution was added to another portion of the neutral 


solution: on warming reduction to metallic silver occurred. Mercurio chloride solution 


was added to a third portion of the neutral solution: on warming reduction to mercurous 
chloride occurred. 
Formic acid is present in this fraction of the volatile acids. 


Fraction 2. The barium salt was prepared and analysed. 


0-8786 gm. barium salt gave 0-3056 gm. BaSO,. Ba=47°5 . 
Caloulated for (C, Ba. Ba=58°8 %. 


This fraction contains acetic acid. On adding sulphuric acid to the barium salt, a 
strong smell of acetic acid was observed. 
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Fraction 3. A colourless oil which floated on water. Nearly the whole distilled at 
190°—200°; the barium salt gave the following results on analysis. 


08488 gm. barium salt gave 02340 gm. BaSO,. Ba=89-4°),. 
Oaleulated for (C,H,,0,), Ba. Ba- 74%. 

The greater portion of this fraction consists of eaproio acid. 

water. Analysis of the silver salt gave the following results. 

01921 gm. silver salt gave 0-0983 gm. Ag. Ag=48°5 °/,. 

Calculated for C,H,,0, Ag. Ag=48°4 

This fraction consists of pure caproic acid. 

Fraction 5. The analysis of the barium salt showed that this fraction also consisted 
of caproic acid. 


02085 gm. barium salt gave 0°1885 gm. BaSO,. Ba=87°6 %. 
Caloulated for (C,H,,0,), Ba. Ba=87°4%,. 


The volatile acids formed by the action of alkaline permanganate 
on the liver fatty acids are doubtless secondary oxidation products. 
Caproic acid was found and identified over and over again, and arises 
from the further oxidation of the dihydroxystearic acid. The acetic acid 
and formic acid are possibly formed from acids of the oxalic series: 
malonic acid, for example, may be the source of the acetic acid’. 


Pelargonic (nonylic) acid was not found, and this seems to indicate 


that the oleic acid found in the adipose issue, which yields this 
substance on oxidation, is absent from the liver. 


F. The residue. 


No crystalline products were obtained from the residue remaining 
in the distilling flask. The large amount of inorganic salts and tarry 
matter present rendered the examination difficult. After removal of 


the tarry matter the residue reduced d permanganate in acid 
solution. 


DISCUSSION OF RESULTS. 


The experimental results recorded in the foregoing pages, and in a 
previous paper , show very clearly that the fats occurring in the liver, 
kidney and heart differfrom the fats stored in the adipose connective tissue, 
and this difference is far greater than has formerly been supposed. One 


Compare Barroweliff and Power. Journal of the Chemical Society, p. 568. 1907. 
PH. XXXVIII. . 25 
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of the most striking of these differences is that while the stored fat 
consists of a mixture of substances, two of which at least are among 
the most stable of those found in the body, the organ fats are characterised 
by the ease with which they are oxidised. It has been shown, for 
example, that mere exposure to the air brings about changes in those 
fats which are characteristic of the organs whereby their chemical 
properties are strikingly modified. And it is a fact of considerable 
physiological importance that these easily oxidised fats are situated 
in those organs of the body which are the centre of greatest 
metabolic activity. When an animal richly stocked with fat 
is starved, the fat stored in the adipose tissue gradually disappears. 
Fat is a valuable source of energy, and in starvation the supply of stored 
fat is drawn upon as the needs of the organism demand. But in a 
fattened animal a great portion of this stored fat is stearin and 
palmitin, and these substances are not easily oxidised, even in the 
laboratory when subjected to violent treatment involving the use of 
high temperatures and strong oxidising agents. Yet the body provides 
the means of oxidising these stable substances, and moreover is capable of 
doing so at the ordinary body temperature. The exact manner in which 
this is carried out is unknown, but it is certain that the conversion of a 
substance like stearin to the final products of oxidation, carbon dioxide and 
water, does not take place in one violent reaction. The change is a 
gradual one, brought about im stages which follow one another in a 
regular, although it may be rapid manner. And a possible explanation 
of the occurrence of highly unsaturated, easily oxidised higher fatty 
acids in the liver is to be found in the assumption that such acids 
represent some intermediate stage through which fats pass in the course 
of their metabolism. The presence of these acids in the liver is 
conclusively proved from the results of the experiments described in 
this paper, and a good deal of evidence has been obtained to show that 
the fats of the heart muscle and kidney are similar to the fats of the 
liver. The iodine value is of the same order, and Erlandsen™, work- 
ing with the fats from the heart muscle, mentions the fact that these fats 
are easily oxidised by exposure to the air, in much the same way as has 
been shown to be the case with the liver fatty acids. 

In the light of the results recorded in this paper the views of 
iio concerning the breakdown of fat in the body may here be 
qu 

It seems therefore that though the fat is deposited in the connective 
tissues unchanged, changes ee take place in it, with the 
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result that it contains more of the unsaturated acids, before it is used 
in the organs in which it is broken up. The unsaturated linkages 
become more numerous, presumably because it is at these points that the 
chains of carbon atoms are to break. If we could catch the process at 
a more advanced stage we should find that some of the unsaturated 
acids had disappeared, and the mean molecular weight of the acids had 
diminished.”...“ We may expect that the fatty acids undergo oxidation 
step by step,...that an unsaturated linkage is the first move towards this 
oxidation and probably the formation of a saturated oxyacid the second ; 
the first of these preparatory changes takes place either in the organs 
where the oxidation is carried out or before it reaches them; but after 
it leaves the storage places, possibly in the liver.” 

That fat under certain conditions migrates from the connective 
tissues to the liver was shown by the experiments of Lebedeff™, of 
Rosenfeld™ and of Leick and Winckler™. But the significance of 
such a migration was not appreciated. The results recorded in this and 
in the earlier paper confirm the hypothesis that it is to undergo a 
change, by which the fatty acids are rendered more liable to oxidation 
and to be broken up into smaller molecules, that they migrate to the 
liver. Leathes and L. Meyer Wedell have recently shown ™ too that 
a portion of the fat absorbed from the intestine is conveyed to the 
liver, though none of it could be traced in the other organs. That 
which had been taken up by the liver, however, had been altered and 
become more unsaturated. Now the results recorded in the previous 
paper” show that the fatty acids of the fats found in the other organs 
are as unsaturated as those found in the liver. It seems therefore fair 
to infer that it is in the liver that desaturation of fatty acids is effected 
and that the other organs are provided with the unsaturated fatty acids 
which they require by the liver. 

This desaturation constitutes the first steps towards the breaking 
up of the fatty acids into fragments that are more easily oxidised. And 
as appears from the results of the examination of the different varieties 
of fatty substances in the liver by Kennaway and Leathes this 
desaturation is effected in the simple glycerides in this organ, and it is 
not only the phosphatides that are involved. That fats and oils are 
broken up into smaller molecules in the manner indicated, especially if 
the constituent fatty acids are unsaturated, is well known. It is not only 
in the action of permanganate, of which instances have been given in 
this work, that such a demolition of long chains occurs ; it occurs too in 
rancescence and also in the changes undergone by the drying ” oils when 
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subjected to the process known as “blowing” (i.e. treatment with a 


stream of heated air); and in both cases the presence of unsaturated 
linkages is a determining factor. Hydroxy acids are formed, and with 
them, probably formed from thera, are found lower volatile acids. Von 
Furth un has described similar changes occurring during germination 
of seeds, a lowering of the iodine and acetyl values and the formation 
of acids of a lower molecular weight. 

The occurrence of an oleic acid in the liver different from that found 
in the connective tissue must bo interpreted as due either to the 
insertion of a double linkage, by the removal of a hydrogen atom from 
each of the 6th and 7th carbon atoms, in stearic acid, or to a change in 


the position of the unsaturated linkage of the oleic acid that is found in 


the connective tissues. On the hypothesis of the function of the liver 
described above it is more probable that it is the former of these changes 
that occurs. And the occurrence of a linoleic acid in the liver with the 
unsaturated linkages between the 6th and 7th and between the 9th and 
10th carbon atoms, for which evidence is adduced in this paper, would be 
most readily understood by supposing that the oleic acid of the connective 
tissues had acquired a new double linkage, and that in the same position 
as that which is inserted by the liver into stearic acid, in converting 
this acid into the hepatic oleic acid. The same reaction, the formation 
of an unsaturated linkage between the 6th and 7th carbon atoms, in the 
one case in stearic acid, in the other in the oleic acid of the connective 
tissues, would then account for the two unsaturated acids of the liver 
for the constitution of which evidence has been brought forward in this 
paper. It may be supposed that the products of further oxidation, 
amongst them caproic and acetic acid, are substances the combustion 
of which presents no difficulty in the cells of the body. That this is 
the case with acetic and caproic acid is well known. The recent work 
of Dakin™ on the oxidation of such lower fatty acids by hydrogen 
peroxide and the numerous resemblances which he has found between 
the course of such oxidation and that of the oxidations in the body 
suggest what the subsequent fate of these substances in the body is 
likely to be. 

The occurrence of the acid with a chain of 20 carbon atoms and 
four unsaturated linkages, described in this paper, is not so easy to 
interpret. It may be that arachidic occurs in the fat of the pig, as it 
does in butter-fat. And if so this remarkable hydroxy acid may be 
the product of the desaturating activity of the liver on the saturated 
acid with 20 carbon atoms. The amount of it that has been found in 
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the liver is however not small, while in lard arachidic acid is certainly 
not likely to occur in more than traces. So that it is probable that 
some other explanation may be necessary to account for its presence. 
This may possibly be that it is an instance of the synthetic activity of 
the liver in building up fatty acid chains. Evidence for such activity 
has been given by Magnus Levy™ and by Leathes . If the scheme 
adopted by them to account for the synthesis of fatty acids from carbo- 
hydrates corresponds to the truth, if that is this synthesis is based on 
the condensation of aldehyde with the formation of hydroxy aldehydes 
then unsaturated acids are likely to be the product of one stage of this 
construction ; just as for instance crotonic acid is formed from H oxy- 
butyric aldehyde (aldol), and as caprylic acid was obtained by Raper™ 
from an unsaturated hydroxy aldehyde with eight carbon atoms. The 
formation of unsaturated fatty acids from carbohydrates and their 
occurrence in the liver I have myself observed. A number of guinea-pigs 
were fed from the time when they were two weeks’ old for a period of 
10 to 12 weeks on bread, cabbage and water, a diet practically free from 
fat: their livers yielded fatty acids the iodine value of which was 120. 
Again, young rats were fed for six weeks on bread and water and then 
for two weeks on bread, plasmon and water: the higher fatty acids from 
the livers of these animals had the mean iodine value of 152°7. 


CONCLUSIONS. 


1. The presence of the following higher fatty acids has been 
demonstrated in the liver. 
(a) Palmitic acid, C,,H,,0,. 
(b) Stearic acid, C,,H,,0,. 
(c) Oleic acid, C,H, O. 
(d) Linoleic acid, CH. O. 
(e) An acid having the formula CH. O, 

2. The occurrence of oleic acid in the liver has been proved by the 
isolation of dihydroxystearic acid from the products of oxidation. The 
properties of this substance have been described, and it has been shown 
that the oleic acid from which it is derived is different from other oleic 
acids. The double linkage in the liver oleic acid lies between the sixth 
and seventh carbon atoms, reckoning from the methyl-group end of the 
chain. 

The double linkage in the oleic acid obtained from the adipose 
tissue is situated exactly in the middle of the chain. 
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3. The presence of linoleic acid has been proved by the preparation of 
a tetrahydroxystearic acid. Some evidence was obtained of the presence 
of two linoleic acids in the liver, as well as evidence as to the probable 
constitution of one of these. 

4. The occurrence of the acid C, H, O, is shown by the formation 
of octobromoarachidic acid on bromination and octohydroxyarachidic acid 
on oxidation of the liver fatty acids. 

5. Approximately one-half of the higher fatty acids of the liver are 
unsaturated acids. The acid C H, O, occurs to the extent of about 10% 
of the total fatty acids and linoleic acid is present in greater amount 
than oleic acid. 

6. The high iodine values of the liver fatty acids, and also the ease 
with which they take up oxygen from the air, are due to the presence 
of linoleic acid and the acid CH, O, 

7. The unsaturated acids of the liver are present, to a considerable 
extent, in the form of lecithin and similar complex substances. 


In conclusion, I desire to express my thanks to Dr J. B. Leathes, in 
whose laboratory this work has been carried out, for the interest he has 
taken in the investigation and for much valuable help and advice. 
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A MAMMALIAN SPINAL PREPARATION. 
By C. S. SHERRINGTON. 


(From the Physiology Laboratory, University of Liverpool.) 


A DIFFICULTY often felt by those studying spinal functions in animals of 
high type is the want of a preparation which shall be at once reliable, 
resistant under somewhat severe experimental procedure, and obtained 
easily, and without great expense of time. After some experience I find 
the procedure described below yields a preparation fulfilling the above 
desiderata. The procedure was first devised two years ago for purposes 
of enquiries into spinal reflexes; experience of its advantages in that 
work has led to its introduction into general use in the Laboratory. 
Many purposes other than the study of spinal reactions are well served 
by it. In consequence of its success here, directors of other Laboratories, 
for instance Professor Macdonald of Sheffield and Professor Thompson 
of Dublin, have adopted its employment in their laboratories, and find 
the preparation reliable and valuable. Examples of the preparation 
were demonstrated at the Physiological Society’s . in this 
Laboratory in December of last year. 

The procedure is as follows. 

The animal (cat) being deeply anewsthetised with chloroform, a 
cannula is inserted into the trachea. Both common carotids are ligated. 
A transverse incision through the skin is made over the occiput and 
extended laterally close behind the pinnw. The skin is retracted 
backwards so as to expose the neck muscles at the level of the axis 
vertebra. The ends of the transverse processes of the atlas are then 
felt for and a deep incision made through the musculature just behind 
these processes. The large spinous process of the axis is notched with 
the bone forceps. A strong thick ligature is passed by a sharp-ended 
aneurism needle close under the body of the axis and is tied tightly in 
the groove left by the incision behind the transverse processes of the 


atlas and the notch made in the spinous process of the axis. This 
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compresses the vertebral arteries where they pass from transverse 
process of axis to transverse process of atlas. A second strong ligature 
is then looped round the neck at the level of the cricoid and is so 
passed as to include the whole neck except the trachea. Decapitation 
is then performed with an amputating knife passed from the ventral 
aspect of the neck through the occipito-atlantal space, severing the cord 


just behind its junction with the bulb. The ligature round the neck is 


drawn tight at the moment of decapitation. The severed head of the 
deeply narcotised animal is then destroyed. Hemorrhage is extremely 
slight. If there is oozing from the vertebral canal it is arrested by 
raising the neck somewhat above the rest of the carcase. The carcase 
is placed on a small metal-topped table warmed by an electric lamp 
below. Artificial respiration is employed to ventilate the lungs, the 
fresh air supplied from the bellows being warmed by passing through a 
chamber containing a small electric lamp. The skin flaps are stitched 
together, covering the exposed end of the spinal cord and other structures 
bared by the amputation wound, The carcase will continue for several 
hours to exhibit good reflexes employing the skeletal muscles, although 
the arterial blood-pressure is low, often not more than 80mm. Hg. 
Reflexes on the arterial blood-pressure are usually obtainable but are 
poor. The rectal temperature is fairly well maintained if the table and 
the air from the bellows be suitably warmed ; it can easily become too 
high if the table be overwarmed. 

The execution of the whole procedure occupies about six minutes. 

The spinal transection varies in its position somewhat more than 
might have been expected. It lies usually about 4 mm. behind the 
point of the calamus scriptorius. I have never found it encroach on 
the open floor of the fourth ventricle. A valuable feature of the 
preparation is that after decapitation of the animal, the carcase being 
of course irrevocably an unconscious and insentient reagent, further 
continuance of chemical anesthesia is unnecessary in view of the 
complete traumatic anesthesia. The preparation thus obtained is 
therefore one in which the action of drugs and other chemical agents 
can be studied without risk of their action being confused or obscured 
by concurrent symptoms due to chemical narcosis. 

The preparation affords exceptional facilities for investigating reflexes 
employing the skeletal musculature. In regard to these reflexes I hope 
to publish observations in this Journal almost immediately, but a few 
remarks outside the scope of those for future publication may be given 
here as vestifying to the capacity and durability of the preparation. 
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The period over which the reflexes can be observed well extends in my 
experience to ten hours and even longer. The reflexes which we have 
had under observation include the flexion reflex of the hind-limb as 
evoked from the skin 
or one of the afferent 
nerves of that limb 
itself, the similar reflex 
of the fore-limb, the 
crossed extension re- 
flex of hind-limb and 
fore-limb, the crossed 
stepping reflex of the 
hind-limb evoked by 
stimulation of the 
opposite hind - limb, 
the scratch reflex, also 
perineal and tail re- 
flexes, and the direct 
extension reflex of the 
knee evoked by stimu- 
lation of the genito- 
Inguinal nerve. The 
knee jerk is obtainable 
usually in exaggerated 
degree ; it may be ab- 
sent for a minute or 
so immediately after 
the decapitation. 
The reflex capa- 
bilities of the pre- 
Fig. 1. Fig. 2. paration may be in- 
stanced by the scratch 
reflex. In a previous paper on that reflex it was studied in the dog 
and for the observations on which that paper was based I found it 
necessary after thoracic transection of the cord to wait weeks and often 
months for the reflex to develope sufficiently for work with it. In the 
decapitated preparation now described, although this reflex is sometimes 
insufficiently obtained, it is usually quite available for observations 
within an hour of making the preparation. I find it best excited by 


1 This Journal, Vol. xxxt. p. xvii, and Vol. XXI. p. 1. 1905. 
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rubbing the skin of the neck behind the pinna (Fig. 1). Not only its 
excitation but its reflex inhibition can be studied. Fig. 2 shows the 
reflex cut short by faradising the central stump of the popliteal nerve 
of the crossed hind-limb. Fig. 3 shows reflex inhibition obtained from 
the same source preventing the occurrence of the reflex until the 
stimulation of the inhibitory afferent is withdrawn. The elicitation of 
this reflex I find favoured by a slight degree of asphyxia easily induced 
by clamping of the tube between the respiration bellows and the 
trachea. 


Fig. 3. 


The resistance of the preparation as judged by reflex action is 
illustrated in many ways. Fig. 4 shows a sample from a series of flexion 
reflexes of the hind-limb obtained by weak faradisation of the central 
stump of the ipselateral peroneal nerve. Reflex No. 1 was obtained 4 hrs. 
50 mins. after the decapitation. The stimulating coil marked 90 units 
on the Kronecker scale. This reflex was not obviously different from 


reflexes obtained with a similar stimulus four hours previously. 


Immediately after its elicitation the tube from the respiration bellows 
was clamped. The stimulation was then repeated at half-minute 
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intervals. The third, fourth, fifth and sixth successive reflexes each 
showed obvious increase on the preceding. Reflex No. 7, Fig. 4, is the 
seventh reflex. At the next half-minute interval no reflex appeared, 
and similarly at the next following. Erection of the hairs on the tail 
was noticed to begin two minutes after the clamping of the respiratory 
tube. The tube was reopened immediately after the end of eighth half- 
minute test, artificial ventilation of the lungs then recommencing. For 
the first two minutes succeeding recommencement of ventilation stimu- 
lation still failed to elicit che reflex. At end of the fifth half-minute 
the reflex No. 18, Fig. 4, appeared. The remaining reflexes of the 
figure are the reflexes obtained in the next following half-minute tests. 
Finally the reflex recovered the amplitude and other features it origin- 
ally showed, And similar series bad been obtained before and were 
obtained later up to the sixth hour after decapitation, when the ex- 
periment was concluded. The resistance of the preparation is therefore 
very considerable. Tbe muscle employed in this case was a combined 
preparation of ilio-psoas and tensor fascie femoris. Time is marked 
above in fifths of seconds. 

We have had considerable experience of the preparation in regard 
to blood-pressure work. For this we are accustomed to commence 
after the decapitation by making in a 3 kil. cat an injection of 75 c.c. 
of 1°/, solution of curare per venam saphenam. The arterial pressure 
is low as compared with the pressures observable in the spinal dog 
after the subsidence of shock", The aortic pressure taken through 
the common carotid is usually between 70 and 90 mm. Hg. It is 
higher an hour or so after the decapitation than earlier. Stimula- 
tion of afferent nerves which in the spinal dog after subsidence 
of shock gives under curare good reflex increases of pressure yields in 
my experience in the decapitated cat only poor heightenings of the 
pressure. Asphyxia produces marked effect on the pressure and does 
so very regularly. In 18 out of 21 experiments practically the constant 
result has been as follows (Fig. 5) in the curarised carcase. On 
clamping the ventilation tube a slight rise of the arterial pressure 
immediately ensues, due apparently to mechanical relief of the veins 
from the positive pressure of the inflations. Then there follows a slow 
slight rise, and this is succeeded by a gradual fall, During the whole 
of this time the colour of the blood does not to inspection obviously 
change, and so things may continue for the relatively long period drawn 


1 Sherrington, Proc. Roy. Soc. Vol. uxvt. p. 390. 1900. Integrative Action of 
Nervous System, p. 264. 1906. 
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attention to by Kowa- 
lewsky and Ada- 
muk?* and by Tiger- 
stedt* and others“. 
The period in our re- 
cordslasts usually 2—3 
minutes; one of our 
records showsit tohave 
lasted 4 min. 45 sec. 
After it follows a rise 
of pressure and as this 
begins a darkening of 
the blood in the arte- 
ries becomes obvious. 
The rise in pressure 
and the darkening in 
colour increase rapidly, 
and the rate of heart 
beat soon accelerates. 
The rise in pressure 
may reach 110 mm. 
Hg and more, bring- 
ing the arterial pres- 
sure to the value of 
170 mm, Hg in the 
course of half a min- 
ute. Then suddenly 
the rate of heart beat 
falls. From a fre- 
quency of 300 per. 
min. it now absolutely 
abruptly drops to 140 
—150 per. min., the 
amplitude of the man- 
ometer oscillations be- 
coming corresponding- 
ly increased. Under 
this diminished fre- 
quency of heart beat 
the rise in arterial 


Fig. 5. The base line marks zero of blood-pressure. At V, ventilation stopped. The pieces of the tracing cut out represent intervals of 


ventilation recommenced. At Vagus, the left vagus was faradised. Time in seconds. 


20’ and of 80 seconds respectively. At V, 


1 Centralbl. f. Med. Wiss. p. 582. 1868. 
Physiologie d. Kreislaufe, p. 534. 1893. 
* Konow and Steinbeck, Skandin. Arch. f. Physiol. 1. 407. 1889. 
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pressure becomes less rapid or in some cases ceases, though in our 
experience it is rare for a fall to set in. This sudden check of the 
heart’s rate is not due to vagus action for it occurs still quite typically 
after administration of atropin has set asid« all cardiac inhibition 
obtainable by stimulation of the vagus trunk in the neck. If after this 
period of slackened heart-rate has endured for 20—30 secs. the bellows 
tube be reopened and ventilation recommenced the heart beat a little 
later suddenly becomes rapid again and a renewed rise of arterial 
pressure steep and considerable occurs. This increase often amounts to 
100 mm. Hg or more, the total arterial pressure in some cases amount- 
ing to nearly 300 mm. Hg. This pressure does not however last long, 
but several minutes, 6—10, may elapse before the pressure has fallen 
to what it was originally. The whole of this observation on blood- 
pressure may be repeated many times in the same preparation. 

The preparation is therefore for many purposes one of considerable 
resistance and capacity. It lends itself to many demonstrational uses. 
Among such as we have put it to are demonstrations of the vasomotor 
supply to the kidney, the action of nerves on the bladder, Langley’s 
experiment on the vagus and the cardiac orifice of the stomach, the 
escape of the ventricle from vagus inhibition, the action of the pilomotor 
nerves to the tail and of the sweat nerves to the feet. It is in the 
belief that it may prove serviceable in various ways that the above 
brief description has been given. 


Fig. 6. 


In working with the preparation the stimulation of deep nerves is 
often necessary. For this purpose I find useful electrodes of a simple 
pattern that can be made in the Laboratory as desired. They are in 
several ways preferable to the ebonite-cased electrodes generally in use 
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for stimulation of deep nerves in situ. Fig. 6 shows the arrange- 
ment. Into a small glass T-piece a pair of platinum wires passing 
through a vulcanised india-rubber stopper can be introduced by the 
side-limb of the tube. Opposite this place the glass is somewhat 
bulged in the main tube. The severed nerve is drawn by its ligated 
end through the main tube and its thread clamped’ by a cork at the 
distal opening. This having been done the electrodes are introduced 
by the side piece. The electrodes are inserted so that their points 
come to lie one to either side of the nerve. The india-rubber stopper 
carrying the electrodes is then given a slight turn in the side piece 
and this brings the nerve-trunk obliquely between the electrodes so 
that the whole thickness of the nerve is exposed equally to the 
stimulating current. This is an advantage over the ebonite-cased 
electrodes of the usual pattern. Moreover the nerve-trunk is fixed with- 
out compression, whereas in the old electrodes it is always compressed. 
The new electrodes are also advantageous for stimulation of freely 
exposed nerves, since they protect from drying, are easily slung from 
the thread clamped by the end cork, and if sloped appropriately so as 
to prevent fluid entering the proximal end, can be kept warm by a flow 
of saline over the glass tube. 


* 
— 
7 
4 
* 
* 
— 
e 
* 
a 
a 
* 
> 
* 


A STABLE DERIVATIVE OF HAMOCHROMOGEN. 
By J. A. MILROY, M.A. MD. 


(From the Physiological Laboratory, Queen's University, Belfast.) 


In an earlier paper® I described a pigment obtained by the action of 
aluminium on a solution of hematin in glacial acetic acid. Later, 

however, I found that the production of this derivative must have been 
dependent on the presence of some impurity in the aluminium, as I was 
unable to obtain the same result with a fresh sample of pure aluminium 
powder. 

The most probable cause of this failure seemed to be the presence 
in the original aluminium powder of some metal, having a lower “solution 
tension a than aluminium, which formed a reducing couple with the 
aluminium. Cohen has shown that aluminium may be coupled with 
mercury to form an amalgam, which has a much greater reducing power 
than pure aluminium, being capable of decomposing water and dissolving 
readily in dilute organic acids with the evolution of hydrogen. On the 
other hand, pure aluminium is practically unaffected by boiling with 5 
acetic acid . Consequently I thought it would be important to ¥ 
investigate the action on hematin dissolved in glacial acetic acid of a 3 
series of couples of aluminium with other metals having lower “ solution 
tensions.” 

In order to make clear the results which follow, it is necessary to 
consider briefly certain physico-chemical data. 

When a metal is brought in contact with water, it partially 
dissolves in virtue of its “solution tension” forming positively charged 
cations, while the metal itself acquires a corresponding negative charge. 

As a result of this fact, an electrostatic attraction is exerted by the 
negatively charged metal upon the positively charged cations, which 
opposes the “solution tension” of the metal and brings about a 
condition of equilibrium. If cations be already present in solution, 
when a metal is in contact with a solution of one of its salts, the point 
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of equilibrium is altered on account of the osmotic pressure exerted by 
the cations already in solution opposing the formation of new cations 
from the metal. 

The following table “% gives the difference of potential (“electrode 
potential”) between the metals with which this paper deals and their 
salts in normal solution. The or- sign indicates the character of the 
charge of the solution. 


Aluminium +1-03 Lead —0˙10 
Zine Hydrogen ... — 0-25 
— 0-02 Mercury .. .. —108 


Many of the properties of a metal are conditioned by its position in 
this series. Thus any metal in the series will tend to precipitate from 
its salts any other metal which lies lower in the series, 

It has long been observed that many chemically pure metals do 
not readily dissolve in dilute acids. Thus pure zine does not readily 
dissolve in acids; but when coupled with a metal lower in the series 
(e.g. copper or platinum) it readily dissolves and hydrogen is simul- 
taneously evolved. Probably the reason for this is that the zinc sends 
positively charged zinc ions into solution under a high “solution 
tension” and therefore opposes the discharge of any other positive ion 
on its surface. Pure zine consequently does not readily dissolve in 
dilute acids; because the hydrogen ions cannot give up their charges 
and escape as the free gas. When a metal lower in the series is 
combined with the zinc, the hydrogen ions can more readily yield their 
charge to the former, and escape either as free hydrogen or exert a 
reducing action on any reducible substance present in the solution”. 

Taking the example, with which this paper deals, one finds that 
pure aluminium does not dissolve appreciably in glacial acetic acid and 
consequently exerts no reducing action on hematin dissolved in that 
solvent; but when coupled with mercury, lead or nickel a more or less 
marked reduction of hematin takes place. 

The method, which I adopted for the preparation of the metallic 
couples with aluminium, was simply to dissolve the acetate of the metal 
having a lower solution tension than aluminium in the solution of 
hematin in glacial acetic agid and then to add the aluminium powder 
to this solution. The mixture was then heated under the conditions 
described later. 


PH, XXXVIII. 26 


Bs 
j 
* 
̃ m 7m. 
bl 
‘a 
2 
‘ 
1 
4 
14 
> 
q 
f 
al 
Nickel 0-02 4 
eee 
* 
* 
A 
8 
— 
- 
* 
* 
* 
a 
‘ 
A 
q 
44 
> 
* 
* 288 


386 J. A. MILROY. 


When aluminium is coupled with lead or mercury, the final product 
of the reduction is a pigment spectroscopically resembling hemato- 
porphyrin. I have not further investigated this reaction as the result 


obtained is the same as that obtained by many observers using other ; 
reducing agents d 09 
On the other hand, when one couples the aluminium with nickel, : 


one obtains a derivative having different chemical and spectroscopic 4 
characters from hematoporphyrin. I shall consequently describe in * 
detail the method of preparation and properties of this pigment. 

1808 gm. of hematin were boiled with 1500 c.c. of glacial acetic 
acid for one hour in a flask provided with a reflux condenser. The 
solution was then cooled and filtered. The solubility of the hematin in 
glacial acetic acid is so slight that some of the hematin remained 
undissolved on the filter paper. The solution was then placed in a 
round bottomed flask, 10 gm. of pure nickel acetate were dissolved in 
it, and 1°5 gm. of aluminium powder were added. It is impossible to 
carry out the reduction satisfactorily in an open flask, since the reduced 
acid hematin, which is first formed, has so great an affinity for oxygen 
that it absorbs that gas from the air, and becomes reconverted into 
hematin. In order to prevent this reoxidation, the reduction was first 
carried out in a current of hydrogen or in other instances of carbon 
dioxide ; but it was ultimately found to be more convenient to close the 
flask with a rubber stopper through which a glass tube with stopcock 
passed. The flask was then evacuated, and heated on the water bath, 
the temperature of the water being gradually raised to the boiling 
point, then allowed to cool to 70°C. and maintained at this 
temperature for about eight hours. The flask was from time to time 
connected with the aspirating pump, and some acetic acid vapour was 
withdrawn in order to prevent any risk of bursting the flask. 

Within about half an hour the dark brown solution of hematin 
acquires a bright red colour; but, if this solution be exposed to the air, 
it is rapidly oxidised to acid hematin. The process of oxidation can readily 
be traced, as the surface layers in contact with the air first become brown 
in colour; while the deeper layers retain their bright red tint for a 
longer period. It is necessary as already stated to heat for at least 
eight ‘hours in a closed vessel in order to obtain a stable derivative 
unaffected by the air. 

The bright red solution finally obtained was filtered, diluted with 
nine litres of water, and allowed to stand over night. The greater part 
of the a separated out as a red coloured —" This was 
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filtered off, washed free from acetic acid with water, and dissolved in 
dilute (0°5 00 caustic soda, The alkaline solution was filtered and the 
pigment again precipitated by rendering the fluid distinctly acid with 
hydrochloric acid. The second precipitate was then washed free from 
hydrochloric acid and the filtrate was tested for aluminium, iron and 
nickel salts. It only contained traces of aluminium. In order to free 
it from these, the precipitate was dissolved in dilute ammonia; filtered, 
and the pigment again precipitated with dilate hydrochloric acid. The 
final precipitate was collected on a weighed ash-free filter paper and 
washed free from acid with water. The object of the double solution 
and precipitation was to free the pigment from all free iron, nickel and 
aluminium salts. The precipitate and filter paper were then dried to 
constant weight at 110°C. 

The pigment and filter paper were then incinerated according to 
Neumann’s method with pure redistilled sulphuric and nitric acids. 

After a preliminary qualitative examination of the acid fluid 
resulting from the incineration of another sample of the pigment had 
shown that nickel and iron were the only metals present, the following 
method was adopted for their separation. 

After the incineration was completed, the acid fluid was cooled, 
diluted with water, and then rendered distinctly alkaline by the gradual 
addition of pure caustic soda, The alkaline solution was then boiled 
gently for about half an hour. The reddish green precipitate which 
separated out was allowed to settle, transferred to an ash-free filter 
paper, washed free from alkali with water and dissolved in dilute 
hydrochloric acid. On rendering the acid solution alkaline with 
ammonia, a red flocculent precipitate of ferric hydrate separated out. 
This was filtered off through ash-free filter paper, washed with hot 
water, dried, and incinerated in a weighed crucible. The ammoniacal 
filtrate and the washings were heated until all the free ammonia was 
driven off, then pure aqueous caustic soda was added and the solution 
was heated until the green precipitate of nickelous hydrate had 
completely separated out. This precipitate was then transferred to 
an ash-free filter paper washed thoroughly with water to free it from 
alkali, dried, and incinerated in a weighed crucible. 

The following are the results of two analyses of different samples of 
the pigment, The pigment used in the first analysis was the product 
of a reduction lasting about eight hours; while that of the second 
analysis was the product of a reduction lasting 36 hours. 
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01176 m. 0090 gm. 0070 gm. 601 4°16 
0°2247 0229 0087 8-00 27 


These results seem to indicate that in this pigment the iron of 
hematin has been largely replaced by nickel. The fact that the 
product of the more prolonged reduction contains a relatively larger 

portion of nickel is also noteworthy. As yet I have not succeeded 
in obtaining a sample of the pigment, which did not contain iron. 

Two estimations of the iron in the hematin which I used gave the 
following results: 


(1) ‘0981 gm. of hematin yielded 0123 gm. of Fe,O,=12'53 / Fe, O, 
= 8°76 0 0 Fe. 

(2) °4475 gm. hematin yielded 0610 gm. of Fe, O, 1277 / Fe, O, 
= 8°93 % Fe. 


The mean of the two estimations was 8°845 which is almost identical 
with that required by Ktister’s formula. | 

According to Kiister’s™ formula (C, H., N. FeO,) the percentage of 
iron in hematin is 881. If nickel entirely replaced the iron the 
percentage of nickel would be 9°21. As will be seen later the spectro- 
scopic characters of the pigment closely resemble those of alkaline 
hemochromogen, and the results of gas analyses by Hoppe Seyler, 
Hufner, and Pregl indicate that hamochromogen results from the 
withdrawal of one molecule of oxygen from one molecule of hematin. 
On this assumption hemochromogen would contain 9°28 per cent. of 
iron and the corresponding nickel compound would contain 9°7 per 
cent. of nickel. 

In view of the small quantities of pigment taken for the analyses 
the percentages of nickel and iron agree fairly well with the hypothesis 
that the new pigment is a derivative of hematin in which the iron has 
been largely replaced by nickel, and the high percentages of nickel and 
iron would support the idea that the pigment is an incompletely 
oxidised derivative of hematin. 

The probable course of the reaction may be stated briefly as follows. 
The nickel salt plays two parts. As a metal having a lower “solution 
tension” than aluminium, the nickel forms a couple with the latter, 
which has a greater reducing power than aluminium alone. The 
couple of nickel with aluminium thus formed reduces the hematin 
to hwmochromogen, and the latter pigment being unstable in acid 


/ 
7 
* 
« 
= 
& 
* 
‘ 4 


HAMOCHROMOGEN DERIVATIVE. 389 


solution has its iron largely replaced by nickel derived from the excess 
of nickel acetate present in the solution. 

The following are the results of the spectroscopic examination of 
the pigment examined in different solvents, The a band is in all cases 
much darker and better defined than the 8 band. 


Pigment dissolved in ammonia X 572—550 X 532—517 
in caustic potash (weak solution) A 570—550 (very faint) 
(stronger solution) Xx 572—550 A 532—517 


in glacial acetic acid Xx 565—550 X 530—515 
; (stronger solution) x 570—-550 * 590—6515 

in glacial acetic plus hydrochloric 
acid X 568—548 A 530—515 


For comparison, the spectroscopic characters of ordinary heamochro- 
mogen produced by the reduction of an ammoniacal solution of hematin 
with ammonium sulphide are given below. 


1. Hemochromogen (dilute solution) 568—550 533—520 
2. Hsmochromogen (stronger solution) 570—545 535—515 


The new pigment will be seen closely to resemble alkaline hemochro- 
mogen in its spectroscopic characters. It differs from the latter in its 
much greater stability not being altered by exposure to the air, and 
retaining the same spectroscopic characters in alkaline and in acid 
solution. Unlike ordinary hemochromogen, the spectrum is not altered 
on passing carbon monoxide through an alkaline solution of the pigment. 
This increased stability is probably connected with the fact that the 
stable oxide of nickel is NiO, Ni,O, behaving as a peroxide; while the 
stable oxide of iron is Fe, O, The presence of nickel in the pigment 
lends increased stability to the reduced form of hematin. 

Even concentrated solutions of the pigment show no absorption 
band in the red region of the spectrum, notwithstanding the fact that 
the presence of iron in the ash of the pigment suggests the presence of 
some unchanged hematin. Some results obtained by Zeynek “ suggest 
a possible explanation of this fact. The data obtained by a series of 
elementary analyses of alkaline hemochromogen lead him to believe 
that, in the reduction of hematin, two hematin residues resulting from 
the partial withdrawal of the oxygen of hematin unite together to 
form a single molecule of hemochromogen. The molecular weight of 
hemochromogen would consequently be nearly double that of the 
hematin, from which it is derived. On applying Zeynek’s view to 
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the pigment which I have described, one could explain the absence of 
the acid hematin spectrum by the assumption that while part of the 
pigment consisted of a reduced hematin in which the nickel entirely 
replaced the iron, another part consisted of heemochromogen in which 
one half of the molecule contained nickel and the other iron, the 
presence of nickel giving stability to the molecule as a whole. 

This hypothesis could be tested by making molecular weight 
determinations of the pigment in penol, in which it readily dissolves, 
and I propose to carry out these when I have collected a further stock 
of material. 

The solubilities of the pigment also indicate its close relationship to 
hemochromogen and hematin, It is insoluble in water, nearly insoluble 
in alcohol and ether, relatively slightly soluble in glacial acetic acid, 
insoluble in dilute mineral acids; whereas hematoporphyrin readily 
dissolves in dilute mineral acids and in alcohol. 

ll also obtained a similar pigment using a couple of aluminium with 
cobalt; but this pigment is much less stable than the nickel derivative, 
becoming oxidised to a brown coloured substance during the process of 
purification, The following are the spectroscopic characters of the 
pigment, when freshly prepared and dissolved in glacial acetic acid. 
It shows two absorption bands. The a band is well defined; but the 8 
one is very faint. _ 

ax 572—555. Br 540—520. 
No well defined bands could be made out in the brown coloured 
pigment resulting from its oxidation. 

The foregoing results are interesting in“ the light of Laidlaw’s 
work® on the synthesis of hematin from hematoporphyrin and iron 
salts, as well as of a cobalt compound from cobalt and hæmatoporphyrin. 

Probably muny other metallic compounds, in which the iron of 
hematin is replaced by other metals, are also capable of existence. 
Zaleski“ has described such compounds of hematoporphyrin and 
mesoporphyrin with iron and with manganese. 

In a previous communication™ I described a pigment having 
spectroscopic characters distinguishing it from the pigment dealt with 
in this paper; but resembling it in its stability, retaining its spectro- 
scopic characters practically unaltered in acid and alkaline solution. 
I have, since, obtained a pigment having the same spectroscopic 
appearances by the action of tin on a solution of hematin dissolved 
in glacial acetic acid. This pigment contains tin in the place of iron, 
and on further reduction yields a green pigment like that which I 
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described in the former paper. I have not yet completed the chemical 
investigation of these pigments. 

The chief importance of the study of such compounds is that it may 
throw light on the mode of union of iron in the molecule of hematin. 
The replacement of iron in the hematin molecule by metals having 
different valencies also appears fitted to throw further light on the 
part played by the iron of hemochromogen in the fixation of oxygen 
and carbon monoxide, when the pigment is exposed to these gases. 


SUMMARY OF THE CHIEF RESULTS. 


1. When hematin dissolved in glacial acetic acid is reduced with 
aluminium in the presence of nickel acetate; a pigment is formed, 
which from its spectroscopic and chemical characters appears to be a 
derivative of hamochromogen, in which nickel has largely replaced the 
iron. 

2. This pigment is much more stable than ordinary hemochro- 
mogen not being altered by exposure to the air, and being incapable of 
uniting with carbon monoxide. 


3. Reasons are given for believing that the stability of the pigment 
is due to the presence of the nickel. 
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THE CARBON MONOXIDE CAPACITY OF REDUCED 
ACID HZMATIN. By J. A. MILROY, M. A., M. D. 


(From the Physiological Laboratory, Queen’s University, Belfast.) 


In a previous preliminary communication, I briefly described the 
_ spectroscopic characters of reduced acid hematin. The chief object of 
the present investigation is to determine the amount of carbon 
monoxide which is capable of uniting with it. 

The hematin used was prepared from hemin. A modification of 
Zeynek’s® and Nencki’s™ method was adopted for the separation of 
the latter. Oxalate blood from the horse was centrifugalised, the 
corpuscular sediment separated from the plasma, and the proteins 
in it were precipitated with methylated spirit. The precipitate 
was filtered off, washed with alcohol, subjected to pressure in the 
filter press in order to get rid of the excess of alcohol, dried, and 
finely powdered. One advantage of this preliminary treatment with 
alcohol is that it removes a considerable proportion of the fats, 
cholesterin, and lecithin of the corpuscles. The dry powder was then 
extracted with a solution containing in each litre one part of glacial 
acetic acid, two parts of acetone, and 5 c.c, of hydrochloric acid. 
1500 c.c. of this solution were used for the extraction of 100 gm. of the 
dried powder. In order to aid the extraction the mixture was placed 
in a flask provided with a reflux condenser and boiled on the water 
bath for one hour. The dark brown solution of heamin thus obtained 
was cooled, filtered, and the filtrate was left at room temperature for 
24 hours, The hemin, which then separated out, was filtered off, 
washed with absolute alcohol, and then dried in vacuo over sulphuric 
acid. Another crop of crystals of hemin was obtained from the filtrate 
by distilling off the acetone on the water bath. The resulting solution 
of hemin in glacial acetic acid deposited a further quantity of hamin 
on standing in the cold for twenty-four hours. Microscopical examination 
of both sediments showed that they were crystalline and completely free 
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from amorphous material. From the hemin thus obtained, hematin 

was prepared in the usual way by solution in dilute sodium carbonate 

(0°5°/,) and precipitation with dilute acetic acid. The precipitate was 

filtered off, washed thoroughly with water and absolute alcohol, and 

then dried to constant weight at first at 100°O., later at 110°C. The 

amount of iron in a portion of the hematin was determined in order to 4 

test the purity of the product with the following result. : 

— 04775 gm. of hematin yielded on incineration 061 gm. of ferric 

oxide, corresponding to 12°77 per cent. of ferric oxide, or approximately 

8°93 per cent. of iron. This result agrees closely with those of other 

observers. Zeynek found 8˙63 /¼ of iron, Hoppe Seyler about 9%, 

while the amount calculated from Ktister’s formula for hematin 

(CH., N. FeO,) is 8°83°/,. Another estimation which I carried out gave 

8°76°/, of iron so that the mean of my two observations is 8°845°/, of 

iron, a result almost identical with that required by Kiister’s formula. 

Nearly all Nencki’s determinations of the iron also gave results of less 
than 9°/,. 

The method which I originally employed for the preparation of 
reduced acid hematin could not readily be applied to the determination 
of the carbon monoxide capacity of hematin in acid solution for two 
reasons. In the first place, the reducing agent which was used, if 
present in the slightest excess, generated hydrogen which reduced the 
hematin to hematoporphyrin™, and secondly the hematin was so 
slightly soluble in the solvent used that only very dilute solutions 
could be obtained. In consequence of the latter fact, the correction 

necessary owing to the variations in the absorption coefficient in acid 
alcohol at different temperatures and pressures would amount to a high 
proportion of the result. I have found that the best solvent for the 
purpose is phenol, which dissolves relatively large quantities of hematin. 
A determination of the solubility of hematin in phenol at 58°C. yielded 
the following result. Excess of hematin was shaken up with pure 
phenol and kept at a temperature of 58°C. for 48 hours. A portion of 
the solution was filtered, and found to weigh 69454gm. The residue 
of hematin left after evaporating the phenol and drying to constant 
weight at 130°C. weighed 0˙1004 gm. This result corresponds to a 
solubility of a little over 1°46 gm. of hematin in 100 gm. of phenol. As 
was to be anticipated, the absorption spectrum of hematin in phenol is 
that of acid hematin. 

I found chromous acetate to be the best reducing agent to employ. 
It has the advantage of not generating hydrogen, and not absorbing 


* 
* 2 
* 
* — — — — 


394 J. A. MILROY. 


either carbon monoxide or carbon dioxide. It does absorb nitric oxide, 
and consequently cannot be used to determine the nitric oxide capacity 
of acid hematin. The following are the spectroscopic characters of 
reduced acid hematin dissolved in phenol diluted with one-tenth its 
volume of water and reduced with chromous acetate. Two bands are 
present, having the following positions ad 588—560 N 545—530. 
The 8 band however is very faint being only perceptible in fairly 
strong solutions. If the reduction of acid h#matin in phenol solution 
be carried out in a current of pure carbon monoxide ohe obtains a 
pigment showing two well defined bands. ax 580—550 (darkest 
portion of the band from 575—552) BA 542—518. 

On shaking up either of those solutions with air the spectrum of 
acid hematin reappears. When the solutions are left standing for 
36 hours in the absence of air they retain their spectroscopic characters 
unaltered, no hematoporpbyrin being formed. 

The method which I employed for the determination of the amount 
of carbon monoxide which unites with hw»matin is based on the fact 
that an acid hematin solution is unaltered by the passage through it of 
a current of carbon monoxide. On the other hand, when in the form of 
reduced hematin, it unites with carbon monoxide in certain proportions 
to be determined by the following method. 

The following is a description of the apparatus and method employed 
for determining the “carbon monoxide capacity” of reduced acid 
hematin. I use the above phrase to define the quantity of carbon 
monoxide which unites with 0°1 gm. of reduced hematin. 

A weighed quantity of hematin was dissolved in phenol and diluted 
with sufficient water to allow the mixture to remain fluid at rvom 
temperature. This solution was then placed in a bottle closed by a 
double-bored rubber stopper through one opening of which a glass tube 
with stopcock passed. The lower end of this tube dipped into the 
phenol solution and the upper free end was connected with the supply 
of carbon monoxide. Through the other opening of the stopper a glass 
tube was inserted so that its lower end terminated level with the lower 
surface of the stopper. The latter tube was connected by means of a T 
shaped glass tube with a Hempel’s gas burette containing mercury, the 
usual precautions being taken of making all the junctions with tightly 
fitting pressure tubing and bringing the ends of the glass tubes in 
contact with one another at their junctions. 

A current of carbon monoxide, produced by the action of con- 
centrated sulphuric acid on oxalic acid and freed from carbon dioxide 
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by passing through two wash bottles containing strong aqueous caustic 
potash solution (2 in 3), was then passed through the bottle containing 
the hematin solution, and the tubes connecting it with the burette. 
' At first sodium formate was used instead of oxalic acid, but I found 
that the current of carbon monoxide could be more readily controlled 
when oxalic acid was used, and consequently omployed it in all but the “ay 
first experiment. After the current of carbon monoxide had passed , 
1 through the apparatus for half an hour, a small tube containing 7 
chromous acetate paste previously saturated with carbon monoxide was 
introduced into the bottle containing the solution of hematin, care 
being taken to avoid admixture of the chromous acetate with the 
hematin. While the tube containing chromous acetate was being 
introduced a strong current of carbon monoxide was maintained through 
the bottle in order to avoid as far as possible the admission of any air. : 
The stopper was then again inserted and the current of carbon monoxide 3 
maintained for at least one hour. During this time the measuring tube | 
of the gas burette was repeatedly washed out with carbon monoxide 
by raising the level-tube to displace the air, then closing the open limb 
of the T shaped junction, and allowing the carbon monoxide to fill the 
burette by gradually lowering the level-tube. The closed limb of the 
T shaped junction was then again opened and this process repeated at 
least five times in order to ensure complete displacement of the air 
originally present in the burette. Finally the open limb of the T 
shaped junction was closed and the burette allowed to fill with carbon 
monoxide by lowering the level-tube. The stopcock, which admitted 
the gas into the bottle containing the hematin solution, was then 
closed, and the bottle, connecting tubes and burette were disconnected 
from the source of the gas. After the apparatus had been left standing 
for an hour, a reading of the volume of gas in the burette was taken, 
and the temperature and barometric pressure noted. The chromous 
acetate was then mixed with the hematin solution by shaking the 
bottle, and the contraction in the volume of carbon monoxide due to 
the fixation of part of it by the reduced hematin noted. 

The method used is similar in principle to that adopted in Dupré's 
apparatus for the estimation of urea, and Haldane's apparatus for the 
determination of the oxygen capacity of the blood by the ferricyanide 
method; but with the differences that the air in the apparatus. was 
entirely replaced by carbon monoxide, and that the gas was measured 
in a Hempel’s gas burette over mercury instead of water. The gas in 
the system was kept saturated with water vapour by placing a drop of 
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water on the surface of the mercury in the burette prior to starting the 
estimation. 

Since both the hawmatin solution and the chromous acetate paste 
were saturated with carbon monoxide prior to their admixture with one 
another, any contraction in volume could only be due to a chemical 
combination of the reduced acid hematin with carbon monoxide. The 
only unknown factor in the observations is the variations in the amount 
of carbon monoxide dissolved by the phenol owing to variations in the 
temperature and pressure at which the readings were taken. These, 
however, can only produce a slight effect on the results as the tempera- 
ture and pressure did not vary much during the majority of the 
estimations. Unfortunately I am not aware of any determinations of 
the absorption coefficient of carbon monoxide in phenol. The vapour 
tension of the phenol at the low temperatures at which the estimations 
were made must have a scarcely perceptible influence in view of the 
high boiling point of that solvent, A control experiment was carried 
out in which phenol and chromous acetate were used without the addition 
of hematin in order to ascertain the effect of these physical factors on 
the result. 

The following are the results of the control experiment, and five 
others in which varying amounts of hematin were present. In the first 
of the five estimations of the carbon monoxide capacity of hematin the 
volume of gas in the bottle and connections was not determined; but 
notwithstanding this fact an approximate result can be obtained as the 
temperature and pressure were fairly constant throughout the readings. 
In the succeeding experiments the volume of the bottle and connections 
was measured by filling them with a measured volume of water delivered 
from a normal burette. On deducting from this, the volume of the 
phenol solution, chromous acetate paste and the small tube introduced 
into the bottle, one obtains the volume of gas present in the bottle and 
connections during each estimation. The latter volume must obviously 
be added to the volume of gas measured in the gas burette in order to 
obtain the total volume. 

The results are stated in tabular form. The first column gives the 
volume of gas in the burette prior to admixture of the solution of 
hematin in phenol with the chromous acetate; the second column 
gives the volume after admixture and the time interval since the first 
reading; the third column the temperature, at which the reading was 
taken; the fourth column the barometric pressure, and the fifth column 
the total volume of the dry gas at 0° and 760 mm. pressure. 
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I, Control experiment. 
25 C. 0. of phenol, 5 c. e. of water, and 10 0.0. of chromous acetate were finally mixed 
with one another. Thr volume of gas in the bottle and connections was 140°6 c.c. 


vi 
vol. in Vol. aſter 
49 ˙4 — 10 748°5 178°29 
49°6 10 748°5 178°48 
(5 minutes) 
49°4 10 748°5 178°29 
(15 minutes) 
49°6 10 748°5 178°48 
(30 minutes) 
10 748°5 178°29 
(1 hour) 
50 10 744°5 177°89 
(4 hours) 


In the control experiment the current of carbon monoxide was intentionally main- 
tained for a shorter period (one hour) than in the actual estimations of the carbon 
monoxide capacity of hematin. The slight redaction in the final reading may conse- 
quently be partially due to incomplete displacement of the air. 


II. 08215 gm. of hematin dissolved in 40 c. c. of phenol +6 e. of water +12 c.c. of 
chromous acetate paste. 


Original volume Volume after admixture Temp. Pressure 
26°9 — 10°8 748 
18°9 (1 hour) 10°8 748 

16°5 (24 hours) 1¹ 748 ·5 


The approximate amount of gas absorbed consequently was 104 c.c. at 748 mm. and 
11° C. which is equivalent to 9°7 c.. at 0° and 760mm, 1 gm. of reduced hematin 
therefore absorbed 3-01 c.c. of carbon monoxide at 0° and 760 mm, 


III. 0-3626 gm. of hwmatin dissolved in 35 ¢.c, of phenol +8 o. o. of water +10 0. e. 
of chromous acetate paste, 
115°4 c. 0. 


Total volume at 
Original vol. Vol. aſter admixture Temp. Pressure C. and 760 mm. 
51-2 — 117 746 154°63 
40°1 (1 hour) 12 746°5 144-29 
39°8 (34 hours) 117 747˙ 144°35 
(16 hours) 116 755 — 
38°8 (20 hours) 12°4 765°5 14420 


The variations in temperature and pressure during this experiment were unfortunately 
considerable. 0-1 gm. of reduced hematin absorbed 2°87 e. o. of carbon monoxide. 


IV. 0°2473 gm. of hematin+ 80 b. o. of phenol +8 o.c. of water+ 10 0. e. of chromous 
acetate paste. The volume of gas in the bottle and connections was 85:2 0. 0. 


Original vol. Vo after admixture Temp. Pressure 
49°6 — 8-8 744 126-4 
43 (J hour) 9 744 120°1 | 
41°8 (1 hour) 9°2 744 118-89 
41°8 (Iz hours) 9°8 744 118˙55 
41°9 (4 hours) 10°4 744 118-4 


| One finds on ealoulation that this case 0-1 gm. of reduced agid hematin shoorbed 
3°23 0. o. of dry carbon monoxide at 0° O. and 760 mm. ests 
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v. 1°4116 gm. of haematin + 98 c.c, of phenol + 12 0.0. of water +20 ¢.¢. of chromous 
acetate paste. The volume of gas in the bottle and connecting tubes was 58-1 ¢.c. 


Total volume at 

Original vol. Vol. after admixture Temp. Pressure 0 and 760 mm. 
94°5 — 11°5 746 141°77 
48-7 (I hour) 10°6 746 99°62 
45°7 (28 hours) 9°5 750 97°81 
46 (24 hours) 10°8 750 97°54 


In this case 0-1 gm. of reduced acid hematin absorbed 3°18 ¢.c. of dry carbon monoxide 
at 0° and 760 mm. 


VI. 4400 gm. of hmmatin dissolved in 42 ¢.c. of phenol+8 c.c. of water +10 c. o. 
chromous acetate paste. Volume of gas in bottle and connections 109-3 c. o. 


Total volume at 
Original vol. Vol. after admixture Temp. Pressure . and 760 mm. 
69 10 758 16949 
579 (20 minutes) 10 758 158-91 
57 (4 hour) 10 1780 158-06 
56°4 (J hour) 10 758 157-20 
55 (14 hours) 10 759 156°39 
56 (19 hours) 112 760 155-75 


Consequently 4460 gm. of reduced acid hematin absorbed 13°74 0.0. of dry carbon 
monoxide at 0° and 760 or 1 gm. absorbed 8°08 c. c. of carbon monoxide. 


On taking the mean result of the five estimations one finds that 
01 gm. of reduced acid hematin unites with 3°065c.c. of dry carbon 
monoxide at 0° and 760 mm. If one takes the average of the last three 
estimations, which are in closer agreement than the two earlier ones, 
one finds that Ol gm. of hematin absorbs 3:14 c.. of dry carbon 
monoxide at 760 mm. 

It is important also to state this result in relation to the quantity of 
iron present in the hematin, since Htifner” and Zeynek “ hold that 
one molecule of carbon monoxide is fixed by each atom of iron in the 
case both of hemoglobin and of alkaline hæmochromogen; while 
Haldane, Lorrain Smith®, as well as Bohr® and his pupils 
believe that in the case of hemoglobin at least the maximum amount 
of carbon monoxide, which combines with it, is less than that stated by 
Hüfner. Bohr defines the amount of oxygen or carbon monoxide, 
which combines with a quantity of hemoglobin containing one gramme 
of iron, as “the specific oxygen or carbon monoxide capacity” of the 
hemoglobin, and the same phrase may be adopted for the carbon 
monoxide which unites with the quantity of reduced acid hematin or 
hqemochromogen corresponding to one gramme of iron. If one molecule 
of carbon monoxide unites with each atom of iron then one gramme of 
iron should correspond to 399°8c.c. of carbon monoxide at 0° and 
760mm. Assuming that the hematin, which I used, contained 8°83 per 
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cent. of iron, one finds, as the mean of the last three estimations, that 
3556 C. of carbon monoxide united with a quantity of reduced acid 
hematin containing one gramme of iron. This result is obviously much 
lower than the theoretical; yet the agreement between the results of 
the estimations is sufficiently close to indicate that the discrepancy 
cannot be entirely due to experimental errors. Hoppe Seyler, 
Hüfner, and Pregl found that alkaline hemochromogen united with 
practically the theoretical amount of carbon monoxide. The results 
which I have obtained consequently would favour the view that in acid 
solution reduced hematin combines with less carbon monoxide than in 
alkaline. 

Certain spectroscopic results, obtained in comparing the reduced 
acid hematin prepared by the method, which 1 originally used, with 
that prepared by reduction with chromous acetate, indicate a possible 
cause of the marked discrepancy between the experimental neat, and 
those required theoretically. 

If one takes a solution of hzematin in acid alcohol (one part of acetic 
to 10 parts of alcohol), and reduces it with zinc dust in an atmosphere 
of carbon dioxide or hydrogen, one finds that the pigment, which is first 
formed, has only one absorption band closely resembling that of reduced 
hemoglobin in position and character. When the solution is allowed 
to stand for some time or more rapidly if a stronger acid solution (one 
part of acetic acid to 3 of alcohol) be taken initially, one obtains a 
pigment having two absorption bands apparently identical.in position 
and character with those of reduced acid hematin prepared by the 
action of chromous acetate. I have placed the spectroscopic results in 
tabular form to facilitate their comparison. 


1. First stage with zinc dust R590 —530 Darkest portion of band at 555. 


586360 RR 545—580 (a very faint band). 
8. Hematin in phenol with ah 588—560 * 545—530 (a faint band). 
chromous acetate 


The three solutions on being shaken up with air showed the 
spectrum of acid hematin, so that the reduction had not reached the 
stage of hematoporphyrin in any of the solutions. 

These spectroscopic results seem to indicate that, when zine dust is 
used as the reducing agent, the reduction of acid hematin takes place 
in two stages, the later stage alone being obtained when chromous 
acetate is used instead of zinc dust. It seems probable that the first 
formed pigment contains more oxygen than that which appears after 
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more prolonged reduction. These facts would favour the hypothesis 
that just as oxygen is withdrawn from acid hematin in two stages 80 
may carbon monoxide unite with reduced acid hematin in two 
proportions to form more or less completely saturated compounds. 

The high tensions of carbon monoxide used in my estimations of 
the carbon monoxide capacity of acid hematin would favour the 
formation of a larger proportion of the fully saturated compound; but the 
combination of carbon monoxide with reduced acid hematin is so much 
less stable than that with oxygen, that even under these conditions a 
certain amount of dissociation may take place. 


SUMMARY OF MAIN RESULTS. 


1. Reduced acid hematin is capable of uniting with carbon 
monoxide, 

2. The specific carbon monoxide capacity of reduced acid hematin 
has the approximate value of 355°6 c. c. 


8. Some spectroscopic evidence is adduced for the view that the 
reduction of acid hematin takes place in two stages. 
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THE CAUSES OF PERIODIC OR CHEYNE-STOKES 
BREATHING. By C. GORDON DOUGLAS, RM., Fellow 
of St John’s College, anv J. 8. HALDANE, M.D. F.RS., 
Fellow of New College, and Reader in Physiology, Ouford. 


(From the Physiological Laboratory, Oxford.) 


Ir has been known for long that under certain conditions the breathing 
may become periodic, This phenomenon was first observed in disease 
by Drs Cheyne and Stokes, after whom it was named. It has also 
been observed in healthy men at high altitudes by Mosso and others: 
in hibernating animals: in infants: and as a consequence of the action 
of various toxic substances. No satisfactory account of its mode of 
causation has hitherto been given, although the recent discovery of 
Pembrey and Allen that pathological Cheyne-Stokes breathing is 
abolished by the administration of either oxygen or air containing 
excess of OO, clearly points in the direction from which an * 
may be expected. 

In a recent paper by Haldane and Poulton“ the fact was recorded 
that in more than one experiment where the subject had been made 
hyperpnœic by want of oxygen, apnea followed after a few breaths of 
normal air, this apnœa being succeeded by deep breathing and then by 
a secondary apnea. On further examination we found that well-marked 
Cheyne-Stokes breathing could easily be produced experimentally, and 
we have taken advantage of this fact i in order to investigate the causes 
of periodic breathing. 

The first method which we used for producing Cheyne-Stokes 
breathing was as follows. The subject of the experiment reclined in a 
perfectly easy position in an arm-chair: he then breathed deeply and 
frequently for about two minutes, so as to produce a prolonged apnoea 
of about two minutes’ duration, as described by Haldane and Poulton. 

e This Journal, xxxu. Proc, Physiol. Soc. v. xviil. 1905, amd Medico-Chirurgical 
Transactions, xu. p. 49. 1907. 
* This Journal, xxxvu. p. 404. 1908, 
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minutes. 


two minutes and periodic breathing for about five 
sample at B, 0, = 18˙55 %, CO, =5°57 


for 


lollowed by 
=5-58 % 


thing of air for two minu 
alveolar air, O,=11°44°/,, 


1. Forced 
4 sample 


Whenever any desire to breathe re- 
turned he allowed the breathing to 
take its own course, the result being 
that Cheyne-Stokes breathing oc- 
curred, gradually dying away during 
the next few minutes, Fig. 1 is a 
typical record of this breathing, 
taken with a modified Marey stetho- 


graph. 


In order to analyse the causes 
of the periodic breathing we took 
samples of the alveolar air of C. G. D. 
at various phases of the abnormal 
breathing, and of the preceding 
apnea, The points at which two 


. of these samples were taken are 


marked by the depressions on the 
tracing in Fig. 1. Fig. 2 represents 
graphically the results of the ana- 
lyses, the breathing being also in- 
dicated below. The analyses are 
expressed in terms of partial pres- 
sure of O, and CO,, the thick line 
showing the CO,, and the thin line 
the O, 

It will be seen that the alveolar 
oxygen-pressure, which has been 
raised by the forced breathing from 
the normal of about 100 mm. to 
about 141 mm., falls steadily and 
rapidly during the apnea to about 
32 mm., at which point the breath- 
ing returns. The first period of 
breathing rapidly raises the oxygen- 
pressure to over 70 mm., and this 
is followed during the succeeding 


apnœie period by a drop to about 


42 mm. During the succeeding 


periods of breathing and apnea the 


oxygen-pressure rises and falls in a 
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similar manner : but gradually the ‘oscillations become’ less and less 
until finally a normal level is reached when the on after about 
seven minutes, has become steady. 
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The alveolar CO,-pressure, which has been lowered by the forced 
breathing from 40 to about 12 mm., rises rapidly during the first half. 
minute of apnea to about 30 mm., and afterwards very slowly to about 
37 mm., when the breathing begins. The oscillations caused by the 
subsequent alternate breathing and apneic periods are very much less 
than those of the oxygen-pressure, and finally the CO,-pressure settles 
down at about the normal level of 40 mm. The rapid initial rise of 
CO,-pressure is doubtless due to the fact that two minutes of forced 
breathing are not sufficient to lower greatly the CO,-pressure of the 
tissues in most parts of the body. The venous blood has thus still 
a CO, pressure much higher than 12 mm., and the alveolar CO,-pressure 
consequently rises rapidly at first. The smallness of the subsequent 
oscillations in CO,-pressure is explained by the fact that any fall in the 
alveolar CO,-pressure must be accompanied by a greatly increased 
discharge of CO, from the blood into the alveolar air; on the other hand 
there will be comparatively little increased absorption of oxygen in 
consequence of the increased alveolar oxygen-pressure ; and consequently 
the oxygen-pressure fluctuates greatly. | 

It will be noticed that, at the point where the breathing first begins, 
the alveolar CO,-pressure is still about 3 mm. below normal. If, now, 
a few breaths of oxygen were taken at the end of the forced breathing, 
so that during the apnea there was not sufficient time for the alveolar 
O,-pressure to fall below normal, it was found that the breathing did 
not begin until the alveolar CO,-pressure had risen to about 48 mm. 
The further the alveolar O, pressure had fallen below about 120 mm., 
the lower the alveolar CO,-pressure required to start the breathing. 
Fig. 3 shows graphically the results of a number of experiments made 
to determine the alveolar CO,-pressures at which the apnea (after 
about two minutes’ forced breathing) terminated with varying alveolar 
oxygen-pressures. In these experiments various percentages of oxygen 
had been inhaled during the last breaths of the forced breathing, so 
that there were great variations in the alveolar oxygen-pressure at which 
the apnoea terminated. 

A study of Fig. 3 reveals the, at first sight, surprising fact that when 
the alveolar oxygen-pressure was prevented from falling below about 
120 mm. the alveolar CO- pressure rose to 48 mm., which is far above 
normal, before the breathing started. Under ordinary conditions an 
alveolar CO,-pressure of 48 mm. in C. G. D. would be accompanied by 
violent hyperpnea. How can we explain this apparent discrepancy ? 


There seems to be no doubt that the explanation is as follows. During 
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the forced breathing the CO,-pressure in the respiratory centre itself is 
reduced to a very low point, as the circulation through the centre is 
undoubtedly very free. As the metabolism in the centre is probably 
also very low, the subsequent rise in CO,-pressure within the centre 
lags behind the rise in the alveolar air and arterial blood. The 
consequence is that before the CO,-pressure in the oentze has reached 
the threshold exciting value, the alveolar CO,-preseure has risen far 
above normal. As will be seen later, other facts fully confirm this 


explanation. 


Phessunc of Cq He. 


Freseune or Qin 


Fig. 3. 


A further anomalous fact revealed by Fig. 3 is that the effect of 
want of oxygen begins to manifest itself at as high an alveolar oxygen- 
pressure as 120 mm. This is 20 mm. above the normal alveolar 
oxygen-pressure, and just about double the alveolar oxygen-pressure 
at which Boycott and Haldane’ could detect any immediate influence 
of oxygen want on normal breathing. A discussion of this fact will be 
postponed to a later point. 

The dotted line in Fig. 2 shows the alveolar OO, pressure at which, 
judging from the experiments plotted in Fig. 3, excitation of the 
respiratory centre would occur at the end of apnea with the 
alveolar oxygen-pressures shown by the thin line. It will be seen that 
the commencement of breathing in the first three Cheyne-Stokes periods 
coincides with the points at which the dotted line touches the thick line, 
showing the actual alveolar CO, pressure. After this, as the periodic — 
breathing becomes less and less defined, the correspondence ceases, as 
might be expected in view of the gradual rise which must be occurring 
in the CO,-pressure of the respiratory centre. 


1 This Journal, VII. p. 355. 1908. 1 
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We are now in a position to explain the Cheyne-Stokes breathing. 
The fall in alveolar oxygen-pressure during the primary apncea, 
and consequent fall in oxygen-pressure in the arterial blood and the 
respiratory centre, leads to formation of lactic acid in the respiratory 
centre, As a consequence of this the threshold exciting pressure of CO, 
in the respiratory centre is greatly lowered, so that the centre is excited 
even although the CO, pressure in it is probably more than 10 mm. 
below the normal threshold exciting value. The breathing at once 
raises the alveolar oxygen-pressure and lowers the CO,-pressure, with 
the result that oxygen want is at once removed and the lactic acid 
previously formed is promptly oxidised or neutralised, leaving the 
CO,-pressure in the centre far below the threshold exciting value. 
Apnea thus results, and is only terminated when the alveolar oxygen 
again falls sufficiently to lower the threshold CO,-pressure to the actual 
CO,-pressure in the centre. While this process is repeated again and 
again, the average OO,-pressure in the centre is rising, so that there is 
less and less of the abnormal want of correspondence between the 
CO,-pressure in the alveoli and that in the centre. As a consequence 
the dotted line, which refers to the abnormal state of matters produced 
by forced breathing, remains permanently above the thick line. 

The persistence for so many minutes of a condition leading to 
Cheyne-Stokes breathing depends upon the fact that during forced 
breathing an excess of CO, has been removed from the blood and 
tissues. In consequence of this excessive removal very little CO, is 
given off for some time afterwards. The absorption of oxygen goes on 
normally, however, so that the respiratory quotient is for some time 
very low, as already shown by Haldane and Poulton’. It thus comes 
about that not enough CO, is available to excite the respiratory centre 
sufficiently to supply the lungs with the quantity of air needed to 
prevent want of oxygen. 

The respiratory stimulus due to want of oxygen, and the removal 
of this stimulus by a proper supply of oxygen, are evidently very prompt. 
The reasons for concluding that it is the formation of lactic acid, and 
not the direct action of want of oxygen, which excites the centre have 
been given in previous papers by Boycott and Haldane’, and 
Haldane and Poulton’, In the case at present under consideration 
the appearance and disappearance of the stimulus are 80 prompt as to 
point to the conclusion that the lactic acid is formed in the respira- . 
This Journal, p. 401. 1908, Ibid. XXVII. p. 867. 1908. 
id. XXVII. p. 404. 1908. 
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tory centre itself, and probably got rid of by oxidation in situ. 
Dr F. G. Hopkins has kindly informed us of unpublished observations 
in which he has found lactic acid in the central nervous system as a 
consequence of want of oxygen, and its disappearance in presence of 
free oxygen, just as in the case of muscle, already described by 
Fletcher and himself“. 

When oxygen instead of air is breathed during the last two or three 
breaths of the forced breathing employed to produce apnoea, the alveolar 
oxygen-pressure remains high up to the end of the apnea, which, as 
mentioned by Haldane and Poulton, is prolonged, while the alveolar 
CO,-pressure rises (in the case of C. G. D., which, was fully investigated) 
to about 48 mm. At the end of the apnea the breathing begins quietly 
and shows no tendency to becoming periodic. There is also no sudden 
and pressing desire to breathe, as when the alveolar oxygen has fallen 
below normal. Fig. 4 shows a tracing of apnea with excess of oxygen. 
The forced breathing was arrested in the inspiratory position, as without 
this precaution the lungs became uncomfortably empty before the end 
of the apnoea, and it was difficult to obtain a proper sample of alveolar 
air. It will be seen that the apnoa lasted for 4 minutes, 21 seconds. 

It has already been remarked that when the alveolar oxygen-pressure 
fell to less than about 120 mm. at the end of apnoea, the effect of want 
of oxygen on the respiratory centre began to manifest itself by the fact 
that the alveolar CO,-pressure was less than with a higher oxygen- 
pressure, In correspondence with this fact, the tendency for Cheyne- 
Stokes breathing to follow the apnoea began to show itself with about 
the same alveolar oxygen-pressure, and became more and more marked 
the lower the alveolar oxygen-pressure had fallen at the end of apnea. 
Fig. 5 shows a tracing of an experiment in which a single breath of 
oxygen was taken at the end of the forced breathing. The alveolar 
oxygen-pressure had, at the end of apnoea, only fallen to 877 mm., and 
yet there was a distinct appearance of Cheyne-Stokes breathing. In 
one case we obtained a slight Cheyne-Stokes pause in the breathing, 
although the alveolar oxygen-pressure had only fallen to 139 mm.; but 
as a rule a distinctly lower oxygen-pressure was needed in order to 
produce any definite Cheyne-Stokes effect. 

When the duration of forced breathing was considerably reduced, 
the apnœa terminated before the alveolar oxygen-pressure had time to 
fall very low. In this case, also, the tendency to Cheyne-Stokes 
breathing was correspondingly diminished. Fig. 6 is a — from an 


1 This Journal, XXV. p. 282. 1007. 
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experiment in which the forced breathing lasted only 45 seconds. At 
the end of the shortened apnoea the alveolar oxygen-pressure had only 
fallen to 59 mm., and there were only two distinct periods in the 
subsequent breathing. With shorter periods of forced breathing the 
indications of Cheyne-Stokes breathing became less and less marked. 
This was doubtless in part due to the rapid rise to normal of the 
CO,-pressure in both the respiratory centre and the arterial blood. 


Fig. 6. Forced breathing for 45 seconds, apnœa 87 seconds. Sample of alveolar air 
at end of apna, 0, - 8.24 0%, 00, 8.88 


When several breaths of a mixture poor in oxygen were taken at 


the end of the forced breathing, the apnea was of course shortened, 


and the tendency to Cheyne-Stokes breathing was at the same time 
increased. Fig. 7 shows the tracing of an experiment in which the last 
five breaths of the forced breathing were of air containing 14°23 °/, of O. 
and no CO,. With still lower oxygen percentages in the alveolar air at 
the end of forced breathing, there was more and more shortening of the 
primary apnoea, and lengthening of the first secondary apnea. 

All these phenomena are exactly what might be expected from the 
explanation already given of the production of the Cheyne-Stokes 
breathing. 

The experiments quoted were all made on C. G. D. Several similar 
experiments were also, however, made on J. S. H., and with similar results. 
It appears, however, that periodic breathing is less easily produced in 
some persons than in others; and this is probably due to the individual 
variations which undoubtedly exist in the susceptibility of the respira- 

tory centre to want of oxygen. 
| After investigating the Cheyne-Stokes breathing which is produced 
after forced breathing we discovered another very simple method of 
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producing Cheyne-Stokes breathing. The subject breathes through a 
small tin of soda-lime (similar to that figured by Haldane and Lorrain 
Smith in the description of their method of determining the blood- 
volume!) to the distal opening of which is attached a long piece of 
tubing of about 2 om. bore. The effect of this arrangement is that so 

long as there is no hyperpnœa the subject simply re-breathes his own 
expired air after it has been deprived of its CO,. The oxygen percentage 
0 in this air falls rapidly as a consequence, and at a certain point in this 
fall“ the respiratory centre begins to be excited. The consequence of 

this hyperpnea is that fresh air from the distal end of the tube again 

begins to reach the lungs, and the alveolar oxygen percentage rapidly 
rises, with the result that apnoea is produced, since the hyperpnwa has 

meanwhile reduced the alveolar CO, pressure to less than the threshold 
exciting value. After a few seconds the falling oxygen supply again 


7 lowers the threshold, and hyperpnœa again results. Permanent 
Cheyne-Stokes breathing thus results. Fig. 8 is a tracing of an 
experiment made in this way with a piece of tubing about 260 cm. long. 
It will be seen that, as might be expected, the Cheyne-Stokes breathing 
continues for some time after fresh air is again breathed. 

If the tube is too long the subject becomes increasingly blue in the 
face, and the blueness ceases to disappear, as at first, with each period 
of breathing. The reason for this increasing blueness is evident in view of 
the experiments of Haldane and Poulton. The hyperpnœa gradually 
washes out preformed CO, from the body. As a consequence of this lg 
the mean CO, pressure in the alveolar air and in the respiratory centre 9 
itself falls lower and lower, so that a lower and lower pressure of oxygen, 


or a higher and higher proportion of lactic acid in the centre, is required 
| | to excite the centre. This process goes on until the increasing formation 

of lactic acid in the centre, and in the body generally, is sufficient to 
compensate for the diminished pressure of CO,; but with a fairly long 
tube the balance is not struck until very marked symptoms of want of 
oxygen are present, and the subject is on the verge of losing con- 
sciousness towards the end of each apneic period. With a still longer 
tube asphyxia would doubtless result if the experiment were continued 


for long. 


p. 836. 1900. 

detected on a tracing (taken by the quantitative described below), gave an oxygen- 
pressure of 63°4 mm., and OO,-pressure of 41:7 mm., latter ‘being a perfectly normal 
value for the subject (J. S. H.). 
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Fig. 9 is a quantitative record of an experiment in which the subject 
(J. S. H.) breathed through a tin of about 400 c capacity (about half filled 
by the soda-lime) and a 2 cm. tube about 120 cm. long. With this 
length of tube the experiment could be continued without discomfort. 
A sample of alveolar air taken at the end of an apnosic period showed 
an oxygen-pressure of 47°5 mm. and a CO,-pressure of 40°3 mm., while 
a sample at the end of a dyspnœic period gave an oxygen-pressure of | 
60° mm., and a CO, pressure of 37/8 mm. The normal alveolar tT 
CO,-pressure of J. S. H. was about 41 mm. 


2 


Haldane and Priestley' found that breathing through a long tube, 
without any arrangement for absorbing the CO,, produces a form of 
breathing (see Fig. 7 of their paper) which shows periodic variations in 
depth. We have further investigated this form of breathing, with | 
very interesting results. By using a longer tube than in the earlier 
experiments we obtained a much more marked periodicity ; and Fig. 10 
is a stethogrdph tracing of the breathing. It will be seen that the 
periodic breathing began after about four breaths through the tube— 
far too short a time for any considerable fall in the alveolar oxygen- 
pressure to occur. Samples of alveolar air taken after the periodicity 
had been established for some time gave, at the end of the hyperpnaic 
period, a pressure of 106 mm. of O, and 39°5 mm. of CO, and at the end 
of the quieter breathing 88 mm. of O, and 47°38 mm. of CO,. The 
minimum oxygen-pressure was thus apparently far too high to produce 
by itself any hyperpneea, to judge from existing data; and it seemed 
natural to conclude, as Haldane and Priestley actually did, that the 

1 This Journal, XXIII. p. 254. 
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connected 


to breathe through a tu 
with a 


the first arrow the subject began 


record. At 


10. Stethograph 
diameter. At the second arrow the distal end of the tube was 
the third arrow. 


Fig. 


periodic breathing was produced simply by 
the abnormally rapid fluctuations in alveolar 
CO,-pressure. It will be seen, however, 
from the continuation of the tracing, that 
when the distal end of the tube was con- 
nected with a bag of oxygen the periodicity 
of the breathing disappeared rapidly and 
completely. Connecting the tube with a 
bag of air had no such effect, so that the 
periodicity clearly depended in some way on 
want of oxygen. 

In order to find out what alveolar pres- 
sure of oxygen was needed in order to cause 
the disappearance of the periodicity we 
connected the breathing tube with a metal 
cylinder of about 50 litres capacity. This 
cylinder was in its turn connected by wide 


tubing with a light and very wide recording 


cylinder, as used by Haldane and Priest- 
ley. This method gives a quantitative 
record of the breathing, and is, of course, 
far more reliable than the more convenient 
stethograph record. The alveolar oxygen- 
pressure was varied by introducing various 
mixtures of oxygen and air into the large 
metal cylinder, and samples of alveolar air 
were taken at the end of the quiet period 
of breathing, when the alveolar oxygen- 
pressure was at its lowest. It was found 
that as the minimum alveolar oxygen- 
pressure was gradually raised the periodicity 
became rapidly less and less marked. Fig. 
11 shows a record in which air was breathed, 
giving a minimum alveolar oxygen-pressure 
of about 88 mm., while Fig. 12 shows a 
record with an oxygen mixture which gave 
a minimum alveolar oxygen-pressure of 
123 mm. It will be seen that in the latter 


experiment the periodicity had almost died 


away about the time when the sample was 
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taken, In the earlier part of the experiment the periodicity was more 
marked, and separate experiments showed that this was owing to the 
fact that the alveolar oxygen-pressure was lower, since the lungs were 
at first filled with normal alveolar air. The periodicity disappears 
entirely if the minimum alveolar oxygen-pressure is more than about 
130 mm. | 


76 575% it 
606 


r Breathing a mixture of air and oxygen through long is. 11. Sample 
of alveolar air at end, 0,=17T 62 /, 00, =6-65 9%. 


If air with a slightly diminished oxygen percentage was placed in the 
large cylinder, the result was that the breathing died away completely 
between the hyperpneeic periods, so that typical Cheyne-Stokes breathing 
resulted. Fig. 13 shows a tracing from an experiment in which the 
cylinder was filled with air containing only about 17 / of oxygen. 
A sample of alveolar air at the end of the apneic period gave a pressure 
of 67 mm: of O,/and'44’3'mm. of OO, In this case, therefore, permanent 
Cheyne-Stokes breathing was produced at a much higher level of alveolar 
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oxygen-préssure than when the air was breathed into the long tube 
through soda-lime. By placing the soda-lime tin at or near the distal, 
instead of the proximal, end of the long tube, a similar result was 
obtained, as might be expected. 


. 18. Breathing air containing about 17 % of through long tube as 
in Fig. 11. Sample of alveolar air at of an 8 peri 5 940% wh 606 20%. 


How does it come about that effects which are undoubtedly due to 
want of oxygen are still produced with an alveolar oxygen - pressure as 
high as 120 or 130 mm.? We have seen (1) that the apnoea following 
forced breathing is more or less cut short by want of oxygen if the 
alveolar oxygen-pressure falls to less than about 120 mm., and that 
Cheyne-Stokes breathing, or some indication of it, also follows the 
apnea under the same conditions: (2) that in the experiments in which 
air is breathed through a long tube, periodic or Cheyne-Stokes breathing, 
dependent undoubtedly on want of oxygen, is produced if the alveolar 
oxygen-pressure falls below about 130mm. The existing evidence 
shows, however, that under ordinary conditions the alveolar oxygen- 
pressure must fall to about 60 mm. before any immediate effect due to 
want of oxygen is produced on the breathing. On this point we may 
refer to the experiments of Haldane and Priestley and the still more 
careful ones of Boycott and Haldane, many of these experiments 
having been done on J. S. H., who was also the subject of the long tube 
experiments which have just been described. We may also mention 


an experiment in which, when the subject was breathing through | 


soda-lime into a long tube, the alveolar air was sampled just before the 
hyperpneea first began to show itself. The result was that the pre 
of oxygen was 63°2 mm., and that of CO, 417 mm. 

For some reason or other, therefore, the conditions must be exceptional 
in the cases we are considering, where striking effects dependent on 
want of oxygen are produced with an alveolar oxygen much above 
60 mm. One possible cause is the fact, discovered by Bohr and his 
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colleagues’, that the oxygen dissociation curve of hemoglobin or blood 
is much affected by the pressure of the CO, which is also present. Let 
us consider the conditions at the end of an apnoea following forced 
breathing for a minute or more. The CO, pressure in the alveolar air, 
and presumably also in the arterial blood, is a few mm. above normal. 
Even if we assume that the oxygen-pressure in the arterial blood is no 
higher than in the alveolar air, a reference to the dissociation curves 
given in the paper just quoted shows that with an oxygen-pressure of 
100 mm, the presence of the extra CO, could make no appreciable 
difference in the saturation of the blood with oxygen. In the respiratory 
centre, on the other hand, the pressure of CO, is, as shown already, a 
few mm. below normal, and the blood passing through the centre 
probably gives off CO, and assumes a CO, pressure which is below 
normal. The conditions for dissociation of oxygen in the centre are 
thus abnormally unfavourable. The oxygen-pressure in the blood 
passing through the centre may also be considerably reduced owing to 
consumption of oxygen, so that the conditions abnormally hindering 
dissociation act at a point in the dissociation curve where they are of 
appreciable importance. Making all possible allowances in this direction, 
however, it seems hardly possible to explain the fact that an alveolar 
oxygen-pressure of 120 mm. produces effects similar to those produced 
by 60 mm. pressure under normal conditions. When we come to the 
experiments where periodic breathing is produced by simply breathing 
air through a long tube, there seems to be no possibility of explaining 
the want of oxygen by. the effects of diminished pressure of CO, on the 
dissociation curve of oxyhemoglobin: for, to judge by the breathing, 
the pressure of CO, in the respiratory centre remains constantly above 
normal. | 

Another factor which might come into play is variation in the 
activity of the pulmonary epithelium in absorbing oxygen or excreting 
CO,. One might reasonably suppose that during apnea the normal 


4 absorptive activity of the pulmonary epithelium is suspended, and that 


consequently want of oxygen is more easily produced towards the end 
of apnoea. This explanation would not, however, apply to the experiments 
with the long tube, where the hyperpnoa is continuous though varying 
periodically in amount. Any diminution to less than the normal 
absorptive activity of the epithelium would be very improbable under 


such conditions. 


Bohr, Hasselbalch and Krogh. Skand. Arch. . Physiologie, xvi. p. 402. 1904. 
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There remains another possible cause, which we believe to be the 
true, or at any rate the main, one. It is well known that the respiratory 
movements favour the circulation. They must therefore presumably 
favour the circulation of blood through the respiratory centre. During 
apnoea, therefore, the rate of blood-flow through the centre is somewhat 
diminished. The oxygen-pressure in the blood passing through the 
centre will therefore fall more than usual in consequence of the 
consumption of oxygen by the tissues. To prevent want of oxygen the 
blood will therefore require to be more fully saturated with oxygen in 
the lungs. This difference may well be equivalent to the small difference 
between arterial blood with the alveolar oxygen-pressure at 60 mm. and 
at 130mm. A probable explanation is thus afforded of the effect: of 
apnoea in rendering the respiratory centre more sensitive to want of 
oxygen. In the case of the “long tube” experiments it seems probable 
that during the hyperpneic periods so much blood is aspirated towards 
the heart that during the subsequent period of quieter breathing 


Fig. 14. Breathing air rich in oxygen through long tube as in Fig. 11. 


the flow of blood towards the heart is temporarily diminished, so 
that the circulation is virtually slowed, with the result that (unless 
the arterial blood is very fully charged with oxygen) the respiratory 
centre is affected by want of oxygen, and hyperpneic breathing 
is again produced. With the “long tube” experiments the “ dead 
space” was increased to about a litre, so that any respiration less 
deep than twice the normal was practically useless. As a consequence 
of this the composition of the alveolar air was liable to considerable 
fluctuations in composition, with consequent fluctuations in the depth 
or frequency of breathing; and these were exaggerated and converted 
into rhythmic variations by the effects of want of oxygen, produced in 
the manner just explained. Fig. 14 shows a tracing from an experiment 
in which, after the lungs had been filled with oxygen by normaj breathing 
PH. XXXVIII. 28 
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of a few breaths of oxygen from a bag, air rich in oxygen was breathed 
through the long tube from the 50 litre cylinder. It will be noticed 
that although want of oxygen was entirely eliminated there were at 
first one or two oscillations in the breathing. The first of these began 
at the fourth breath, far too early in any case for want of oxygen to 
affect the centre. Undoubtedly these initial oscillations were due to 
the rapid fluctuations in alveolar CO,-pressure; but they rapidly 
disappeared, as shown by the tracing, whereas when ordinary air was 
breathed through the tube the oscillations became more and more 
marked, as shown in Fig. 11. 

It is not our purpose to discuss here in detail the causes of 
pathological Cheyne-Stokes breathing. The observations of Pembrey, 
already quoted, indicate, however, that they also are dependent on 
effects of want of oxygen. If from any cause, such as cerebral 
hemorrhage or circulatory failure, the circulation through the respi- 
ratory centre is interfered with: or if the absorption of oxygen is 
interfered with by such causes as diminished barometric pressure or 
pathological conditions in the lungs, the occurrence of periodic or 
Cheyne-Stokes breathing becomes easily intelligible from the foregoing 
experiments. The periodic breathing of hibernating animals is evidently 
comparable to the periodic breathing when a long tube is used, since 
with the greatly diminished respiratory exchange of a hibernating 
animal the dead space of its air-passages will have a similar effect to 
that of a long tube under normal conditions; and this effect will be 
exaggerated in consequence of the slow circulation in the hibernating 
animal. The increased tendency to the production of periodic breathing 
during sleep or complete rest may be similarly explained. The greater 
length of the periods in many pathological cases of Cheyne-Stokes 
breathing would seem to be due to defective circulation. 

Our experiments also lead us to suspect that periodic breathing 
must be of commoner occurrence under abnormal conditions than is 
usually supposed, and that it has not necessarily any serious prognostic 
significance. It is evidently a phenomenon analogous to the “ hunting ” 
often produced by the governor of an engine; and what is remarkable 
is not that it should occur, but that its occurrence should be so unusual 
under normal conditions. This subject will, however, be discussed in 
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SUMMARY. 


1 Periodic or Cheyne-Stokes breathing can easily be produced 
experimentally in normal persons, and by a variety of simple methods. 

2. The periodic breathing is produced by periodic occurrence and 
disappearance of the (indirect) excitatory effects of want of oxygen on 
the respiratory centre. 

3. The want of oxygen may be due to abnormal deficiency in the 
alveolar oxygen-pressure, or it may be due to effects on the circulation 
of changes in the breathing, or to both causes combined. 
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THE REGULATION OF NORMAL BREATHING. By 
© GORDON DOUGLAS, BM. anv J. S. HALDANE, 
MD. FRS. 


[From the Physiological Laboratory, Oxford.] 


Ir has recently been shown! that under normal conditions, which may 
vary very widely, the breathing is so regulated by the respiratory 
centre as to maintain a constant, or nearly constant, level in the 
partial pressure of CO, in the alveolar air, and therefore also in the 
arterial blood. The centre is extremely sensitive to the slightest 
increase or diminution in CO, pressure. From experiments in which 
there was an added percentage of CO, in the inspired air Haldane 
and Priestley found that a rise of as little as 0˙2 % of CO, in the 
alveolar air, corresponding to an increase of 14 mm. in the CO,- 
pressure, was sufficient to increase the alveolar ventilation by 100°/,. 

The respiratory centre must evidently be regarded as a very 
sensitive governor of the CO, pressure in its own substance, and 
indirectly in the arterial blood and alveolar air. We may compare 
its action to that of the governor of an engine driven by steam 
or water, if we bear in mind that the respiratory centre governs 
CO,-pressure, whereas the governor of the engine controls its rate of 
revolution, 

It is well known to engineers that something more than a sensitive 
governor is needed in order to produce practical constancy iu the rate 
of revolution of an engine—for instance a steam-engine or water-turbine 
driving a dynamo at a constant rate, so as to obtain a constant voltage 
in spite of very variable amounts of current being produced by the 
dynamo. The governor must not merely be sensitive, but it must not 
cause or permit temporary irregularities, nor must it “hunt,” i. e. cause 
periodic variations in speed owing to its alternate excessive and 


1 Haldane and Priestley. This Journal, xxxm. p. 225. 1906. 
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insufficient action. To prevent these irregularities a heavy flywheel, 
or some equivalent arrangement, is needed. 

The breathing bas to vary rapidly and within wide limits in order 
to meet corresponding variations in the respiratory exchange owing to 
varying amounts of muscular work. There are also many minor 
voluntary or involuntary disturbances in normal and regular breathing. 
These conditions have to be met by the governing action of the 
respiratory centre. Under ordinary conditions the action of the centre 
appears to be both smooth and certain; but it has been shown in the 
previous paper how easily periodic breathing, which is clearly analogous 
to the “hunting” of a governor, may be produced under unusual 
conditions. Such factors as the production of lactic acid may also 
disturb the normal regulation of breathing, and produce effects of the 
kind recently described by Boycott, Haldane, Poulton, and Ogier 
Ward’. The conditions which determine the smoothness of the 
governing action of the respiratory centre, and the manner in which it 
reacts to muscular work, have not hitherto been at all completely 
investigated, and form the subject of the present paper. 

The experiments have, for obvious reasons, been made on Man. In 
order to study the governing action of the respiratory centre we have 
introduced various disturbances, including muscular work; and taking 
these one by one we shall describe the manner in which the centre 
responds to them. 


Holding the breath. If the breath is voluntarily held for a short 


time, marked compensatory hyperpnea follows, both the depth and 


frequency of respiration being increased, as shown in Fig. 1, which 
represents a tracing given by a modified Marey stethograph. Table I 
shows the gas-pressures in samples of alveolar air taken at different 
periods after the subject (C. G. D.) had held his breath for 30 seconds. 

On examining Table I and the corresponding tracing it will be 
seen at once that although the alveolar CO,-pressure rose to far above 
normal while the breath was held, yet during the subsequent hyperpnœa 
the CO,-pressure fell to considerably below normal, and only gradually 
rose to normal again during the next two or three minutes, as the 
hyperpneea gradually subsided, It will also be noticed that in spite of 
the secondary fall below normal in the alveolar CO,-pressure, the activity 
of the centre did not fall below normal, but gradually and smoothly 
returned to normal, without any of the oscillations which an imperfectly 
acting governor would show. 


„ This Journal, xxvu. pp. 855, 878, 890. 
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If the centre responded rapidly and completely to every change in 
the alveolar CO,-pressure it seems clear that there would be great 
hyperpuca for a few seconds after the holding of the breath was 
discontinued, as blood abnormally charged with CO, would still be 
passing through the centre. But directly afterwards apnea would be 
produced, on account of the abnormally low alveolar OO, pressure, and 
consequent low CO, pressure in the arterial blood. The apnœa would, 
3 in turn, be followed by hyperpncœa, and again by apnœa, as in Cheyne- 
Stokes respiration. The centre would, in fact, hunt, like a badly 


1. 


‘ 


acting governor. 
TABLE I. 
Pressure in mm. of Hg in 
CO, 4 

At end of period of holding breath for 30” 49°2 62°6 
26˙0 — 

31˙4 112 
At eighth expiration 32˙6 — 
At ninth expiration 81°5 
At twelfth expiration 82°0 wd 
At twentieth expiration — 
At thirtieth expiration 87-0 — 
At fortieth expiration 38-8 — 
At fifth expiration after holding for 40 * 28 ˙4 117 
At eightn „ 29°4 — 
At end of holding breath for 130” after oxygen 50 61˙9 274 
At sixth expiration 24˙8 — 
At twentieth expiration 0 33°38 — 
At fortieth expiration 31˙2 — 
Normal average 89°75 105 

r The actual facts point to the following explanation. During the 


holding of the breath the centre itself, and not merely the blood, 
becomes gradually charged with an accumulation of CO,, in combination, 
doubtless, with alkali for the most part. After the breathing is allowed 
to recommence it takes some time for this accumulated CO, to be 
i washed out, and consequently the hyperpuœa only gradually subsides. 
As the washing out proceeds the hyperpnœa becomes less and less, and 
the CO,-pressure in the alveolar air and arterial blood also rises nearer 
and nearer to the normal, so that the breathing returns quite gradually 
and smoothly to its normal amount. The storage of CO, in the 
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respiratory centre appears, therefore, to have the same influence on its 
action as a heavy fly-wheel bas on the action of an engine with a 
sensitive governor; and irregular or periodic breathing is thus prevented. 

The matter is, however, not quite so simple as has just been 
assumed: for Hill and Flack’ have recently shown that when the 
breath is held, want of oxygen, as well as excess of CO,, acts on the 
respiratory centre. They found that if the lungs are filled with oxygen 
before the breath is held, the effect of the oxygen is to prolong greatly 
the time during which the breath can be voluntarily held, and to 
increase correspondingly the alveolar CO,-percentage. This result, 
which we have confirmed, is at first sight very anomalous, since it is 
known that during normal breathing the alveolar oxygen-pressure may 
vary within wide limits upwards or downwards without the breathing 
being affected; and an examination of their and our own figures shows 
that when no oxygen had been added the alveolar oxygen-pressure 
often did not fall below these limits. In their experiments they appear 
to have employed oxygen-percentages greatly in excess of the normal 
alveolar oxygen-percentage. As it did not seem clear from their results 
how great an excess of oxygen was needed, or how this excess acted, 
we have repeated these experiments with this difference, that by taking 
a variable number of breaths (from a single normal breath to two 
minutes’ normal breathing) from a bag of oxygen fitted with inspiratory 
and expiratory valves, it was possible to secure wide variations in the 
alveolar oxygen-pressure at the point where the subject was no longer 
able to resist the desire to breathe. The results of a series of experi- 
ments on C. G. D. are collected in Table II in the order in which they 
were made. 

It will be seen from Table II that as the alveolar oxygen-pressure at 
the breaking-point rose there was a prolongation of the time during 
which the breath could be held, and a progressive rise in the alveolar 
CO,-pressure, but that this beneficial action was only shown in the case 
of oxygen-pressures below about 120mm. Above this point excess of 
oxygen was without influence on the ability of the subject to withstand 

1 a rising COr pressure. In other words, deficiency of oxygen, or the 
development of lactic acid which accompanies it, began to assist in 

exciting the centre when the alveolar oxygen-pressure fell below about 
120 mm., whereas during normal breathing the oxygen-pressure has to 
fall to about 60 mm. to cause a similar effect. 


1 This Journal, xxxvu. p. 77. 1908. 


* 
4 
1 
9 
‘ 
4 
f 
£ 
* 


REGULATION OF BREATHING. 425 


This at first sight anomalous fact is evidently due to a cause 
which has been discussed in detail in the preceding paper. The slight 
cireulatory block produced by suspending the breathing is sufficient to 
diminish appreciably the oxygen supply to the respiratory centre. In 
consequence of this, lactic acid begins to be formed in the centre, and 
the threshold exciting pressure of CO, is correspondingly lowered, if the 
alveolar oxygen falls below about 120 mm., whereas under normal 
conditions a fall to about 60 mm. is needed in order to produce the same 
effect. 


TABLE IL 
* oof Pressure in — of Hy in 
breath up in seconds 00. 
40 — — Without preparation. 
48 — — After three fairly large breaths of air. 
65 ” ” ” 05. 
55 ” ” ” air. 
75 ” ” ” 05 
50 52˙6 96°2 With oxygen. . 
60 53 ˙1 782 „ 
57 53˙3 865 „ 
80 1196 „ 
80 58-1 „ 
6⁵ 547 1116 „ 
80 57°6 1204, 6 
85 512 598 Without oxygen. 
35 49°2 612 
80 58°0 103°8 With oxygen. 
95 58°6 1169 „ ie 
120 61°8 1757 „ ” 
110 62°0 1108 „ 6 
108 612 1176 „ 
45 52°6 571 Without oxygen 
105 59˙5 89°0 With oxygen. 
133 67°3 4660 „ 
150 64 ⁰ 4363 „ 0 
110 60°8 10172 „ * 
105 66°0 115°7 
39°75 alveolar air. 


If this 1 is correct we should expect to find that * 


there is no hindrance to the breathing want of oxygen would produce as 
little effect in presence of accumulating CO, as when no excess of 
CO, is present. In order to test this point we used the large 50 litre 
cylinder and quantitative recording arrangement described in the 
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paper. At the beginning of each experiment the cylinder 
was filled with a mixture of oxygen and nitrogen. This mixture was 
then breathed for 10 minutes, at the end of which time there was 
always great hyperpnœa, and the percentage of CO, had risen to about 
6˙0 to 63, with the alveolar CO, about 1% higher. The records showed 
that it made no difference at all to the hyperpnœa whether the cylinder 
was filled with air or a mixture richer in oxygen; and that when 
mixtures poorer in oxygen than air were used it made no difference 
whatever unless the initial oxygen-percentage in the cylinder was under 
15. The following Table shows the initial and final percentages of 
oxygen and OO, in the cylinder. Only in the fifth experiment, where 
the alveolar oxygen-percentage must have fallen to less than 50 mm., 
could even a slight increase in the hyperpnoa be detected. Figs. 3 and 
4 show the last two records. 


TABLE III. 

Exp. 1 0, 20-98 13-66 
00. 0-03 628 

Exp. 2 0, — 26°04 
00, 0-0 6-31 

Exp. 3 age 17°76 11-82 
00, 0-40 8 ˙92 

Exp. 4 0, 15°18 9-11 
co, 0°34 6-12 

Exp. 5 0, 12-96 7°79 
00, 0-25 6:30 

Exp. 6 a.) 20°93 13°50 
co, 0-03 6-01 


These experiments confirm the conclusion reached by Haldane and 
Lorrain Smith in 1892". Hill and Flack’, and Pembrey and 
Cook“, quote evidence that want of oxygen may contribute to the 
dyspnoea when the subject breathes into a very small closed space. In 


all these experiments, however, the alveolar oxygen was almost certainly 


lower than its exciting value in the absence of excess of CO,. Hill and 
Flack conclude that the diminished circulation when the unnd is held 
1 Journ. of Bathol. and Bacteriol. 1. p. 168, 1892. 


This Journal, xxxvit. p. 77. 1908. 
Ibid. Proc. Physiol. Soc. p. xli. 
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greatly increases the desire to breathe. In this conclusion we can 
confirm them, with the addition that it is by producing lack of oxygen 
that the diminished circulation acts, and that apart from the diminished 
circulation want of oxygen does not affect the result. 

The concluding experiments in Table I, of which one of the records 
is given in Fig. II, show that the “fly wheel” action, due to the slowness 
with which CO, accumulates in, or is washed out of, the respiratory 
centre, is still more marked when want of oxygen is eliminated. This 
fact is readily intelligible, since a larger excess of CO, will accumulate 
in the centre in consequence of the breath being held longer, and this 
excess will take longer to be washed out. 

The behaviour of the centre when excited in consequence of excess 
of CO, in the alveolar air is thus in marked contrast with its behaviour 
when excited in consequence of want of oxygen. In the former case 
there is no “hunting” of the centre when normal air is again 
breathed: in the latter case there is pronounced hunting,“ as shown 
in the preceding paper. 

The data in Table II were obtained from successive experiments on 
three different days, and it is evident that the subject improved with 
practice, as was also noticed by Hill and Flack. A very noticeable 
fact, also, in connection with experiments on holding the breath is that 
towards the end of the effort it is very difficult to keep still. There 
appears to be a general increase of excitability; and any muscular 
movement is a relief. It even required considerable self-control to 
avoid breaking the gas analysis apparatus, which stood in front of us in 
the experiments. 

Forced Breathing. Another method by which the respiratory centre 
may be artificially disturbed is by voluntarily ventilating the lungs to 
excess. This leads to washing out of CO, from the body, and a 
consequent period of apnoea when the subject ceases the forced breathing. 
The point of present interest is the manner in which the resumption of 
natural breathing occurs at the end of the apnœic pause. A number 
of experiments on this point have already been quoted and discussed in 


the preceding paper. From the results shown graphically in Fig. 3 of 


that paper it is clear that the stimulus to recommence breathing 
occurred at about the normal alveolar CO,-pressure when the oxygen- 
pressure of the alveolar air was about 42mm. If the oxygen-pressure 
was below this level the impulse to breathe was felt before the 
CO,-pressure had reached its normal: if above, the alveolar CO,-pressure 
rose progressively until an oxygen-pressure of about 120 mm. was 
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reached; but above this level it did not matter what the oxygen- 
pressure was, 

The explanation we offer is that after forced breathing, and the 
consequent washing out of CO, from the centre, a considerable time 
must elapse before the gradually accumulating CO, can saturate the 
centre to the threshold exciting pressure. So soon as this point is 
reached the breathing starts quietly and evenly if want of oxygen has 
been eliminated. If, however, only ordinary air is inhaled during the 

forced breathing, the effects of want of oxygen show themselves, and 
the breathing begins before the CO,-pressure in the centre has reached 
the normal exciting value. As a consequence, the supply of oxygen to 
the lungs and blood at once removes the stimulus to breathing, and the 
centre at first overshoots the mark, and may continue for several 
minutes to oscillate between hyperpnœa and apnoea, as shown in the 
preceding paper. 

Breathing Air containing Eacess of CO,. In order to study the 
reaction of the centre when it is suddenly disturbed by excess of CO, 
in the inspired air, the subject was allowed to breathe through a 
mouthpiece and valves so arranged that either pure air or air from a J 
large bag could be breathed through an inspiratory tube, while a sample 
of alveolar air could be collected from an expiratory tube returning to 
the bag. The bag was filled with respired air containing a known 

percentage of COQ,,a little oxygen being also added to avoid any 
excessive deficiency of oxygen. 7 

In the first pair of experiments the bag contained 474% of CO, and 
16°52 % of O, (sample taken between the first and second alveolar 
samples). A sample of alveolar air taken at the 5th expiration, as the > 
hyperpnœa was beginning, contained 6°82 / of CO, and 11:90 % of 
O., while a sample at the 30th respiration, when the hyperpnoa 
was fully developed, contained 6°56 / of CO, and 13°62 / of O, 

The lower oxygen percentage in the first sample was evidently due 

to the delay in the reaction of the centre to the increased percentage 

of CO,. The CO,-percentage in the first sample is only, however, very 
slightly higher than in the second, the reason evidently being that the 
giving off of CO, by the venous blood was hindered. But for this the 
OO, percentage would doubtless have been much higher in the first 
sample. 

Further experiments were made with a mixture which contained 
7°18 % of CO, and 17°79 of O, at the beginning of the experiments, and 
712% of CO, and 16°76 °/, of O, at the end. At the 6th and 10th 
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expirations, while the hyperpnca was developing, the alveolar air 
contained 7°17 and 7°46 / of CO,, with 1285 and 12°72 / of O, 


At the 30th expiration, when the byperpnca had for some time been 
fully developed, the alveolar air contained 7°42 / of CO, and 15°40 % 
of O,. The result was thus very similar to that of the previous 
experiment, but so completely was the giving off of CO, hindered that 
the air of the bag actually contained somewhat less CO, at the 
end than at the beginning, although the oxygen had fallen by 1°03 / 

The graphic records showed that the hyperpnœa developed smoothly 
and gradually after the first three breaths. There was no indication of 
initial hunting, such as occurs when the hyperpnoœa is produced by 
breathing through a long tube. In the latter case the hyperpnca 
suddenly and greatly reduces the alveolar CO,-pressure, whereas when 
respired air is breathed from the bag there is at most only a slight 
and gradual reduction. As there was no permanent “hunting” with 
the bag experiments, the influence of want of oxygen was nil, in 
accordance with the explanation given in the preceding paper. 

When normal air was breathed again after breathing the mixture 
rich in CO, the hyperpnœa passed off evenly and gradually, in the 
manner shown in Figs. 1 and 2. This is in marked contrast to the 
periodic breathing produced after hyperpnœa caused by want of oxygen. 
The normal stimulus of excess of CO,, whether in its development or 
in its disappearance, causes no “hunting,” while the abnormal stimulus 
of oxygen want readily produces it. 

Muscular Work. The effects of muscular work on the respiratory 
centre gre considerably more complex and difficult to analyse than those 
of any of the experimental disturbances hitherto considered. It was 
shown by Haldane and Priestley“ that during moderate muscular 
work the breathing is increased in such a way as to keep the alveolar 
CO,-pressure from rising more than a little above normal, and that 
there is every reason to believe that the hyperpnœa of such work is due 
simply to slight excess of CO,-pressure in the arterial blood, and 
consequently also in the respiratory centre. These experiments were 
made during work on a stationary tricycle provided with a brake, by 
means of which the amount of work could be varied at will, and they 
did not study the effects of excessive work. In order to further 
elucidate the reaction of the respiratory centre to muscular work we 
have made a variety of further experiments. 


This Journal, XII. p. 225. 1905, 
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The first series was made with the object of observing the changes 
in the alveolar CO,-pressure during the peripd immediately following a 
sudden and considerable exertion. For this purpose we had chosen the 
exertion of running quickly up three flights of stairs (40 feet in all), at 
the top of which the apparatus for obtaining and analysing the alveolar 
air was arranged. In successive experiments samples of the alveolar air 
were taken after different intervals of time had elapsed after reaching 
the top. We soon found, however, that the results were much influenced 
by the after-effects of each experiment, and were thus not comparable. 
The following Table shows the effects on the alveolar CO- pressure of 
three successive experiments, in which the subject (C. G. D.) ran quickly 
up, down, and again up the stairs in about 45 seconds. 


TABLE IV. 
Pressure of CO, in alveolar 
Time after stop air in mm. of Hg 
10” 
8 0 35˙4 Sample at end of inspiration. 
6’ 30” 35˙3 ” ” 
12 80” 85°8 „ expiration. 
10” | 
3s’ 0% 33-7 Sample at end of inspiration. 
6 30” 34-4 ” 
10” 36˙9 
1 0 34˙4 Sample at end of inspiration. 
8’ 30” 75 ” 
24’ 0“ 36˙2 expiration. 
39˙0 Normal alveolar air at end of in- 
spiration, average. 


It will be seen that the immediate effect of the exertion was to 
raise the alveolar CO,-pressure (by about 10 mm. in the first experi- 
ment), but that in successive experiments this rise was less, and that 
the rise was followed by a fall, which reached its maximum about 


10 minutes after the exertion, and was greater after each successive 
exertion’, 


1 It will be noticed that although the fall was somewhat greater in the third than the 
second experiment there are indications that a balance had nearly been struck between 
formation and disappearance of lactic acid. All the phenomena connected with what we 
believe to be the production of lactic acid in consequence of oxygen want suggest that a 
balance between formation and destruction of lactic acid establishes itself for each degree 
of oxygen want. 
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This secondary fall was invariably observed after any considerable 
exertion, and lasted for far too long a time to be attributable to the fall 
in CO,-pressure in the respiratory centre lagging behind the fall in 
the alveolar CO,-pressure. The following experiments, in several, of 
which Mr F. A. Hampton kindly acted as subject, may be quoted in 
illustration. 

It seems clear from these experiments that any unusual exertion 
lowers for some time the alveolar CO,-pressure. The effect is similar 
to that following exposure to want of oxygen, as described by Boycott, 
Haldane, and Ogier Ward’, and we have little doubt that it is due to 
the same cause, namely the development of lactic acid within the body 
It seems quite justifiable to assume that during any excessive exertion 
the supply of arterial blood to the muscles in use becomes for the time 
inadequate, so that they suffer from want of oxygen and consequently 
produce lactic acid. This acid enters the blood and helps the CO, to 
excite the respiratory centre, so that the alveolar CO,-pressure becomes 
lower than would otherwise be the case. The lactic acid remains for a 
considerable time in the blood after the immediate effects of the exertion 
have passed off, and consequently the alveolar CO, pressure falls to 
below normal, and may remain abnormally low for about an hour after 
the exertion, as shown in some of the experiments in Table V. 

In the first series of experiments (Table IV) the rate at which the 
work was done can easily be calculated. The work consisted in running 
quickly up 40 feet of stairs, this being done in 12 seconds. Thus the 
external work done was 150 x 40 = 6000 foot-pounds in 12 seconds, or 
at the rate of about 30,000 foot-pounds, or 4000 kilogrammeters per 
minute. This is far in excess of what can by any possibility be kept up 
by a man. With a mechanical efficiency of about a third such work 
would imply a metabolism at a rate of about 27 Calories per minute, as 
against the normal resting metabolism of about 14 Calories per minute. 
It seems inevitable that any such rate of exertion must bring about a 
condition of muscular asphyxia, and a rapid formation of lactic acid in 
the muscles is exactly what might be expected. 

It is interesting to compare the results of sudden and excessive 
muscular exertion with those of the long cross-country run of about 
8 miles in 57 minutes without a stop, It will be seen from Table V 
that after this prolonged exertion the alveolar OO, pressure only fell to 
about 10 */, below normal—no more than after running twice up 
the laboratory stairs! In the cross-country run the rate of exertion 


This Journal, xxxvu. pp. 355, 878. 1908. 


+ 
* 
L 
7 
* 
* 
* 
7 — 
4 
- 
7 
y 


REGULATION OF BREATHING. 


TABLE V. 
Alveolar COr pressure in mm. of Hg 


Average for C. G. D 39°0 40°6 
77 before on 4 89°6 40°7 
after running 600 yards 3 255 42°2 — 
12’ ” 36 ˙2 
17’ 34 ˙9 
„ 886 4 
70’ ” eee eee eee 39 •6 
10” after running 110 yards as fast as possible 
just after last experiment oa 52°3 — 
bin ie: 87°5 — 
Normal before running, C. G 88°2 40°8 
10” after running 300 yards in 52” 45°7 — 
10’ 25 85°6 — 
| „ 39 — 
33 ˙8 34˙9 
„ 87 38 ˙4 
„ 38˙4 39 ˙7 
Average normal for J. 8. H. — — 
15’ after thrice running 200 yards quickly 82°4 — 
” ” ” ” 35°6 
Average normal for F. A. K. ce 45°8 466 
Just before running ole bes 46°9 45°9 
Just after running } mile in 1’ 36” =a 58°0 — 
5’ afterwards. gone ne 41°0 42°8 
26’ rs 42°9 — 
Just after running for 7’ more 46°4 — 
Just after running a further 7’ 38 ˙4 — 
9 874 36°6 
898 43°0 
F. A. H. Just after running } mile 890 55˙4 — 
15’ later — 39°83 — 
30 „ 41°3 45°7 
Just after another } mile in 80” see 50°6 — 
15’ later 87°7 86°7 
F. A. H. Before running * sa 44°4 45°1 
Just after cross-country run of 57’ without a stop 510 — 
10 afterwards (temp. of urine - 99 F.) 40°0 — 
— 39 ˙6 40°2 
ty 44˙2 44°4 
F. A. H. Just after running f mile in 4 0” 42°3 — 
15’ afterwards 36˙8 874 
43 ˙7 44°8 


1 Thea normal alveolar 


($1111 
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CO,-pressure of F. A. H. is the highest hitherto recorded. 


It may also be of interest to mention that in the case of Dr Priestley, who in 1903-04 


en very high value of 44-5 mm. we found 45-9 mm. in 1909 as 
In J. S. H. and C. G. D. the alveolar CO,-pressure has 
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was evidently within the power of the runner to keep it up over 
a long period. He was at the time in training and accustomed to long 
cross-country runs. 

A further series of experiments was made in which the subject 
inhaled oxygen, on two occasions just before beginning the same 
exertion as in the experiments in Table IV, and on a third occasion 
for two minutes following the stop. In neither case did the oxygen 
prevent the secondary fall in the alveolar CO,-pressure. The results 
are given in Table VI. The experiments were again consecutive, and 
all samples with one exception were taken at the end of inspiration. 


TABLE VI. 
Pressure of COs, in alveolar 
Time after stop air in mm. of 

_ 47-0 Seven breaths of O, before start. 
8 30” 35˙2 
7 30” 87˙7 
12 0” 85°7 
16’ 80” 35˙3 
22’ 30” 86°9 Sample at end of expiration. 

10” 41-4 Ten breaths of O, before start. 
4 0” 
8 0” 85°4 
17’ 30” 88°38 
28’ 80” 87°8 
1’ 0” 89-2 Oxygen breathed for 2 minutes after first 
5’ 30” 34-0 sample taken. 

89°0 Normal for C. G. D. at end of inspiration. 


Lowering of the threshold exciting pressure of CO, must have 
two effects on the breathing. In the first place a greater lung 
ventilation is required in order to keep the alveolar CO,-pressure 
down to about the threshold exciting value with any given discharge of 
CO, from the body. Thus if the threshold exciting pressure of CO, is 
lowered from 40 to 32 mm. the alveolar ventilation will need to be 
increased in the proportion of 40 to 32, or by 25 ½, with a normal 
discharge of CO,. During great hyperpnœa from muscular exertion 
the effect seems to be still more marked. In the first experiment 
on F. A. H., for instance, the alveolar CO,-pressure just after the 
exertion fell from 58°0 mm. in the first observation, to 38°4 in the third, 
implying an increase of 50°/, in the alveolar ventilation per unit of 
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CO, discharged. It seems also pretty certain that but for lactic acid 
already formed the value of 580 in the first observation would have 
been considerably exceeded; and it is reasonable to conclude that 
during, and just after, vigorous muscular exertion the blood reaching 
the respiratory centre contains more lactic acid than soon afterwards, as 
the proportion coming directly from the active muscles, and therefore 
highly charged with lactic acid, must be very great during the exertion, 
whereas later this blood will be thoroughly mixed with the rest of the 
blood. This assumption explains the fact that the hyperpnoa from 
muscular exertion seems often out of proportion to the rise in alveolar 
CO,-pressure. 


A second effect on the breathing must also be produced by the 


lowering of the threshold exciting value of CO,: for a removal from 
the blood and tissues of a considerable amount of preformed CO, will 
be necessitated. Until this redundant CO, has been removed the 
breathing will for the time be much more increased than would 
otherwise be the case. Haldane and Poulton’ have shown that a 
rapid, though comparatively slight, lowering of the threshold exciting 
pressure of CO, explains the excessive hyperpnwa which may be 
temporarily produced by deficiency of oxygen in the air breathed. A 
similar effect must result from the rapid fall in threshold CO,-pressure 
during excessive muscular work, so that for some time the hyperpuca 
will be much greater than would otherwise be the case. A direct 
indication of this effect is the abnormally high respiratory quotient which 
exists during excessive muscular work, just as when air very poor in 
oxygen is breathed. That the respiratory quotient becomes abnormally 
high is well shown in the experiments of Hill and Flack“ and of 
Pembrey and Cook“ on the alveolar air just after muscular exertion, 
and has also been observed by Loewy‘ and others. In several of the 
experiments in Table V the alveolar oxygen percentage was determined, 
as well as the CO,, so that the respiratory quotient could be calculated. 
For instance, just after running } mile F. A. H. had a respiratory 
quotient of 1°10, which had fallen 15 minutes later to 83; and just 
after # mile he had a quotient of 104, which had fallen 15 minutes 


later to 72. On the other hand, just after the long cross-country run 


1 This Journal, XXVII. p. 390. 1908. 

2 Ibid. xxxvt. Proc. Physiol. Soc. p. xl. 1907. 

* Ibid, xxxvu. Proc. Physiol. Soc. p. Ixvii. 1908. 

* Pfliiger’s Archiv. xuxx. p. 405. 1891. Loewy traced the abnormal quotient to 
deficient oxygen supply to the muscles. 
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of about 8 miles he had a quotient of only 87, and 88 22 minutes later. 
In this case all the redundant preformed CO, had been discharged 
before the end of the run, so that the quotient was normal. There was 
also no excessive respiratory distress and the alveolar CO- pressure 
(51. mm.) was comparatively high. The lactic acid production was 
evidently slight, as already remarked, and (probably quite early in 
the run) a balance had been struck between its production and 
destruction or excretion. 

It will also be seen from Table V that even during the great 
hyperpnœa of excessive muscular work the alveolar CO, pressure 
may actually fall below normal. This is likewise well shown in the 

experiments, just quoted, of Hill and Flack. 

We have also tried the effect of removing, by forced eee 
of the preformed CO, from the body just before muscular exertion. 
After the third experiment in Table V, the subject (C. G. D.) breathed 
moderately forcibly for one minute, and then again ran 300 yards. The 
hyperpnoea and distress at the end of the run were remarkably lessened, 
although the alveolar CO,-pressure afterwards fell to exactly the same 
level as in the previous experiments, showing that the forced breathing 
had not in any way prevented the formation of lactic acid. On a 
subsequent occasion three runs of 200 yards were made by both of us, 
the distance being covered in each of the three runs in the same time. 

| The first and last rans were made after forced breathing for one minute : 
1 the second without any previous preparation. An interval of 20 minutes 
2 | was allowed between the runs. There was the same remarkable relief 
from distress at the end of those runs which were made after forced 

. 4 breathing. The alveolar CO, pressure of J. S. H. was 324 mm. (in- 

— spiratory value) 15 minutes after the last run, and 35 mm. (mean 

„ value) 10 minutes later. For C. G. D. the inspiratory value was 

9 36·1 mm. 16 minutes after the last run. 

ö It has been brought to our notice that it is the custom of good 
boxers to breathe deeply during the intervals between the rounds for a 
short time just before the call of “ time.” 

Hill and Flack? have recently called attention to beneficial results 
attributed to inhaling oxygen before and after muscular exertion. In 
connection with conclusions as to such effects it seems necessary to 
eliminate carefully any effects produced by extra deep inhalations 
washing out CO, from the body. 


Brit. Med. Journ. p. 499, Aug. 22, 1908 ; ‘and this Journal, exxvitt. Proc. Physiol. Soc. 
p. xxviii. 1909. 
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followed the moderate work. Increasing the pace in the case of C. G. D., 
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The fact that preliminary forced breathing lessens the hyperpnœa 
produced by muscular work affords striking confirmation to the 
conclusion that the hyperpuca is due to the pressure of CO, being 
considerably above the existing threshold exciting value. 

In the forms of muscular work which have so far been investigated 
the exertion has been excessive. We have also investigated more 
moderate and accustomed forms of exercise. Table VII shows results 
obtained after walking. The figures given are the mean values for 
samples of alveolar air obtained at the end of inspiration and of 
expiration. 


TABLE VII. 
O. G. D. Just after walking 600 yards at 5 miles an hour 45°4 
Just after walking 600 yards at 6 miles an hour 44˙3 
* 36˙8 
_ Normal alveolar air, average 89°75 
J. S. H. 5° after walking 600 yards at 4 miles an hour 39°9 
6’ after again walking 600 yards at 4 miles an hour 41-4 
Just after walking 700 yards at 4 miles an hour 41˙8 
Just after walking 600 yards at 5 miles an hour. 39°83 
10’ later ond 89-0 
** pase 89-0 
7’ after trotting 600 yards at 5 miles an hour 37°9 
13’ later dy 89°83 
Normal alveolar air, average avi * 41˙1 


It will be seen that no secondary fall in alveolar CO, pressure 


however, from 5 to 6 miles an hour, caused a distinct lowering of the 
alveolar CO, pressure, which lasted some time, so the faster pace seems 
to have induced the formation of lactic acid. The same alteration 
occurred to a slight extent when J. S. H. walked at 5 miles an hour: 
also when he trotted at the same pace. 

Quite moderate work (about 2500 foot-pounds per minute) on a 
tricycle ergometer similar to that used by Haldane and Priestley was 
not found to lower the alveolar CO,-pressure after cessation of the work. 
The figures are given in Table VIII, and confirm Haldane and 
Priestley’s original results. 
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TABLE VIII. 

J. 8. H. 89°6 

Samples 15’ later 41-9 

Samples after 3’ and 34’ work 40-1 

Samples 10’ later o * 41°6 

Normal alveolar air, 41-1 
C. G. D. Samples after 3’ and 84’ work 47°5 

Samples some minutes later 40°8 

Normal alveolar air, average 89°75 


Geppert and Zuntz' tetanised the hind limbs of a dog, and found 
that during the hyperpnœa induced by this, and for some time after the 
cessation of the stimulus, the percentage of CO, in the expired air fell, 
while that of oxygen rose. The percentage of CO, in the blood also 
fell greatly, while that of oxygen remained constant. A similar, but 
less marked, effect was observed when the animal performed the severe 
muscular work of dragging a heavy cart through the streets. Seeing 
that the CO,-percentage fell the authors erroneously discounted the 
paramount influence of CO, in producing the hyperpnœa, and concluded 
that it was caused solely by abnormal metabolic —— (such as lactic 
acid) produced in the muscles, 

On the other hand Haldane and Priestley 1 that the 
hyperpnœa is due solely to an absolute rise of CO, pressure in the 
respiratory centre, and pointed out that in the experiments of Geppert 
and Zuntz the CO,-carrying power of the blood was probably reduced 
greatly in consequenee of lactic acid formation due to the abnormal 
conditions under which the muscular work was performed. It might 
thus be the case that even although the alveolar CO,-pressure was 
lower during the muscular work, the COr pressure in the centre was 
higher. The experiments of Loewy* and of Beddard, Pembrey, 
and Spriggs“ indicate that a moderate decrease in the alkalinity of 
the blood has much less effect on its CO,-carrying power than was 
formerly supposed, so that the great diminution in the amount of CO, 
in the blood in consequence of acid poisoning, excessive muscular work, 
&c. must be attributed mainly to increased ventilation of the lungs, 
due to the acid products helping to excite the respiratory centre. 

Pfliiger’s Archiv. XIII. p. 189, 1888. 


* Arch, J. (Anat. u.) Physiologie, p. 81. 1901. 
This Journal, xxx1. Proc. Physiol. Soc. p. xliv. 1904. 
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We conclude, therefore, that during and after excessive muscular 
work lactic acid (and possibly other abnormal products of metabolism) 
play a distinct part in helping to excite the respiratory centre, although 
during moderate work excess of CO, seems to be the sole stimulus. 
The part played by the lactic acid ought, probably, to be regarded as a 
pathological rather than a physiological phenomenon. It adds a certain 
percentage to the lung ventilation without, apparently, thereby causing 
anything but disadvantage to the organism, owing to the extra distress 
produced : for apparently the extra hyperpnm@a does not tend to remove 
the lactic acid, which remains in the blood, and exercises its effect on 
the respiratory centre long after the exertion and any noticeable 
hyperpnesa from it have ceased. 

After the commencement of a muscular exertion some time elapses 
before the hyperpnoea developes. It increases gradually, and passes 
off still more gradually, and quite evenly, as might be expected in 
view of experiments already quoted. We have made a few experiments 
on this subject, but consider it hardly worth while to quote them in 
detail here. 


SUMMARY. 


The experiments described in the present paper indicate that the 
respiratory centre acts under normal conditions smoothly and without 
oscillations in its activity, the reason being that some time is needed 
for it to become saturated or desaturated to the existing CO,-pressure 
of the blood passing through it. But for this fact the centre would 
undoubtedly “hunt” like the governor of an engine without a fly-wheel, 
since there is a delay between any rise or fall in the alveolar CO,-pressure 
and the time when the blood saturated to this pressure reaches the 
centre. The fly-wheel action of the CO,-capacity of the centre must 
be further reinforced by the presence of the alveolar air (about 4 litres) 


in the lungs, since the CO,percentage in such a considerable volume 


of air cannot alter very rapidly. The relatively high, and very variable, 


CO,-capacity of the blood and tissues must alsogjact in the same 


direction. 
Under the abnormal conditions where excitation of the centre 
depends partly or wholly on want of oxygen in the respiratory centre 


lowering the threshold exciting pressure of CO, (see the preceding 
paper), the fly-wheel action just referred to is absent, since the centre 
responds promptly and strongly to any sudden fall below a certain 
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TABLE VIII. 

J. 8. H. 89°6 

Samples 15’ later — es 41°9 

Samples after 8’ and 84’ work ide 40-1 

Samples 10’ later 41°6 

Normal alveolar air, 
C. G. D. Samples after 3’ and 34’ work 405 47°5 

Samples some minutes later pa 40°8 

Normal alveolar air, average on 89°75 


Geppert and Zuntz' tetanised the hind limbs of a dog, and found 
that during the hyperpnœa induced by this, and for some time after the 
cessation of the stimulus, the percentage of CO, in the expired air fell, 
while that of oxygen rose. The percentage of CO, in the blood also 
fell greatly, while that of oxygen remained constant. A similar, but 
less marked, effect was observed when the animal performed the severe 
muscular work of dragging a heavy cart through the streets. Seeing 
that the CO,-percentage felt the authors erroneously discounted the 
paramount influence of CO, in producing the hyperpucha, and concluded 
that it was caused solely by abnormal metabolic — (such as lactic 
acid) produced in the muscles. 

On the other hand Haldane and Priestley . that the 
hyperpnœa is due solely to an absolute rise of CO, pressure in the 
respiratory centre, and pointed out that in the experiments of Geppert 
and Zuntz the CO,-carrying power of the blood was probably reduced 
greatly in consequence of lactic acid formation due to the abnormal 
conditions under which the muscular work was performed. It might 
thus be the case that even although the alveolar CO,-pressure was 
lower during the muscular work, the CO,-pressure in the centre was 
higher. The experiments of Loewy* and of Beddard, Pembrey, 
and Spriggs“ indicate that a moderate decrease in the alkalinity of 
the blood has much less effect on its CO,-carrying power than was 
formerly supposed, so that the great diminution in the amount of CO, 
in the blood in consequence of acid poisoning, excessive muscular work, 
Kc. must be attributed mainly to increased ventilation of the lungs, 
due to the acid products helping to excite the respiratory centre. 

Pfltiger’s Archiv. XLII. p. 169. 1888. 


1 Arch. f. (Anat. u.) Physiologie, p. 81. 1901. 
* This Journal, xxx. Proc. Physiol. Soc. p. xliv. 1904. 
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We conclede, therefore, that during snd after excessive muscular 
work lactie id (and posmbly other abnormal products of metabolism ) 
play a diet part in helping to excite the respiratory centre, although 
durmg woderate work excess of OO, seems to be the ‘Sole Amal 
The part played by the lactic acid ought, probably, to be tegurded as a 
pathologies! rather than a phrmolngeal phenomenon. It adds a certain 
but dmadvantage to the owing to the extra distress 
prodeced for apparently the extra hyperpncea does not. tend to remove 
the lacter id which remains im the blood, and exercises its ‘effect on 
the respurstery centre long after the exertion and any usticenble 
byperpmers from it have ceased 

After the commencement cf s muscular erermon some time elapses 
deine the byperpmea developes. It gradually, and passes 
off stall more gradually, and quite erenly, ax maght be expected in 
wew of experuments already quoted We have made a few expermments 
om ths subject. dun commder hardly worth whale to quote them in 
detaal bere. 


Srmmary. 


The experuments Gesoried op Ube present paper indionte that the 
ms acting, the rensen that seme dime is needed 
for to become sented ar desutucuied go the existing CO- pressure 
of the bleod m. Bun for this fact the centre would 
undoubtedly “amt” the governor af an engine without a fly-whee, 
there Gel benen any mise or fall on the alveolar CO,-pressure 
and the tame whem tite to this pressure reaches the 
cemtre. Whe acum af tthe of the centre must 
be x che presence of the alveolar air (about 4 litres ) 
m the longs, sce the im auch a considerable volume 
of amr canmot alter very Whe relatively high, and very variable, 
CO, capacity of the ani tissues must also act in the same 


Under the Abi coniiitions where excitation of the centre 
depends partly a wihuiliy on wart of oxygen in the respiratory centre 
lowermmg the thresiuild pressure of CO, (see the preceding 
paper), the fy-wibee! action just referred to is absent, since the centre 
responds promptly ani sorongly to any sudden fall below a certain 
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oxygen-pressure in the blood passing through it, and the stimulus is 
equally promptly removed by a corresponding rise in the oxygen-pressure 
of the blood. The centre is consequently apt to “hunt,” producing 
periodic or Cheyne-Stokes breathing. The absence of any appreciable 
store of free oxygen in the centre, and the greater variability of the 
oxygen percentage of the alveolar air, probably account for the relative 
promptitude with which want of oxygen acts on the centre; but 
whatever the explanation may be, there can be no doubt of the fact. 
It also appears to be at any rate extremely probable that want of 
oxygen acts by permitting a certain amount of lactic acid to show itself 
in the centre, and that this acid is promptly destroyed when the oxygen 
supply again becomes sufficient. 

Owing to the unfavourable conditions of circulation when the 
breathing is suspended or rapidly diminished in depth, the centre is 
readily affected by want of oxygen. In the long run slower circulation 
through the centre would increase the CO, pressure in it, and not 
merely diminish the oxygen-pressure ; but want of oxygen will be 
produced much more quickly, owing to the storage capacity of the 
centre being far less for oxygen than for CO, 

The hyperpnœa of muscular exertion is due solely to rise of CO,- 
pressure in the centre if the work is moderate. When, however, the 
rate of work is at all excessive, the threshold exciting pressure of CO, 
in the centre is lowered for some time, and this appears to be due 
to formation of lactic acid in the working muscles, and consequent 
diminution in alkalinity of the blood. Less OO, is thus needed to excite 
the centre, and the hyperpnœa is correspondingly increased, although 
the lactic acid by itself, in the proportion actually present, would be 
quite incapable of exciting the centre. As a further consequence of 
the lowering of the threshold exciting pressure of CO, a large amount 
of preformed CO, has to be removed from the body, so that for the time 
the respiratory quotient is very high, and the hyperpnaa is increased 
out of proportion to the increased es and lowered threshold 
exciting pressure of CO, 
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THE COAGULATION OF BLOOD. Part II. 


ACTIONS OF SNAKE VENOMS, PEPTONE 
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INTRODUCTION. 


In a previous paper ] the phenomena observed when blood coagulates 
have been described. In this paper the actions of certain substances 
which influence the coagulation of blood in vitro and in vivo are 
considered. 

The coagulation of blood is ultimately due to the action of fibrin 
ferment on fibrinogen. Fibrin ferment does not circulate in the blood 
but is produced when any tissue is injured so as to liberate thrombo- 
kinase in the blood stream. This kinase in conjunction with the calcium 
salts present in the blood generates fibrin ferment from the prothrombin 
associated with the fibrinogen and the production of fibrin ferment in 
molecular continuity with the fibrinogen ensures that coagulation will 
take place in the shortest possible time. Anti-fibrin-ferment is present 
in considerable quantities in normal blood but its properties indicate 
that its function is to prevent the occurrence of an extending coagulum 
due to the passage of fibrin ferment from its original seat of formation 
rather than to prevent coagulation at the injured tissue, i. e. where the 
kinase is liberated. 

The preparation from stable birds’ plasma of the substances involved 
in the coagulation of blood affords a means of analysing the phenomena 
which may be observed when such substances as snake venoms, leech 
extract, and peptone exercise an influence on the coagulation of blood. 
Fibrinogen may be readily prepared from birds’ plasma by dilution with 
a large volume of distilled water made slightly acidic; and a dilute 
solution of testis extract affords a convenient source of kinase. Fibrin 
ferment is obtained after removing the fibrin from a solution of fibrinogen — 
coagulated by kinase and calcium chloride; and a solution of prothrombin 
remains after coagulating a fibrinogen solution by fibrin ferment. Anti- 
fibrin-ferment has not been prepared but plasma free from this substance 
can be obtained by alcohol precipitation and redissolving the protein in 
water. 

Since the substances whose properties are analysed in the following 
pages influence the coagulation of blood in a positive or negative way a 
general discussion of the methods in which the coagulation of blood can 
be affected may conduce to the clearness of the subject. Plasma may 
be coagulated by fibrin ferment or by kinase. Since plasma contains a 
large quantity of anti-fibrin-ferment but no anti-kinase and since a 


large quantity of ferment is adsorbed by the fibrin when formed, it 
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follows that kinase is a much more efficient coagulant of plasma than 
ferment. This conclusion is strikingly borne out by the effect of 
intravenously injecting kinase or fibrin ferment into an animal. The 
rapid injection of small quantities of kinase produces intravascular 
coagulation ; the rapid injection of relatively large quantities of ferment 
only leads to an increase in the coagulability of the blood. 

A substance which inhibits the coagulation of blood may produce its 
effects in various ways. In this complex process there are involved 
five different factors—(1) calcium salts, (2) kinase, (3) prothrombin, 
(4) fibrinogen, (5) fibrin ferment—and the absence of any one of them 
will prevent the onset of coagulation. (1) The production of stable 
fluid blood by the addition to it of potassium oxalate or other pre- 
cipitant of calcium salts illustrates the necessity of the calcium factor. 
(2) Normally the cellular elements of blood are sufficiently unstable to 
ensure the liberation of kinase when blood is shed. But in birds’ blood 
and generally in blood containing nucleated red blood corpuscles, the 
stability of the cellular elements is such that stable fluid plasma can be 
readily obtained. In these animals, therefore, the kinase must come 
from the wounded tissue rather than from the blood itself. But the 
addition of an adequate quantity of anti-kinase to any blood suffices to 
prevent the onset of coagulation. (3) The constant association of 
prothrombin with fibrinogen renders it doubtful whether an anti- 
prothrombin would prevent the coagulation of blood. (4) The coagu- 
lation of blood may be prevented by causing the destruction of its 
fibrinogen either actively or by combining an anti-fibrinogen with it. 
(5) The production of coagulation might be prevented by the action 
of an anti-fibrin-ferment. But since blood normally contains a large 
quantity of anti-ferment, which does not prevent the rapid onset of 
coagulation, it appears improbable that any substance which delays 
coagulation does so by means of a body possessing these properties. 
And finally the onset of coagulation might be delayed by the presence 
of a substance which prevented the production of fibrin ferment from 
prothrombin, or inhibited the action of fibrin ferment on fibrinogen, or 
retained in solution the fibrin when formed. Small quantities of acids 
or alkalies affect in various degrees these processes. Acids in very small 
quantities prevent the production of fibrin ferment from prothrombin ; 
alkalies in minimal quantities retain the first formed fibrin in solution. 

There is also the question of how the nature of a substance which 
coagulates a fibrinogen solution may be determined. The constant 
association of prothrombin with fibrinogen permits the coagulation of 
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a solution containing this substance to be effected by a mixture of 
kinase and calcium: salts or by fibrin ferment. In pure fibrinogen 
solutions the nature of the coagulant can be readily determined since 
the kinase and calcium salts generate an excess of ferment which is 
left behind when the fibrin is removed. In plasma this effect is obscured 
owing to the presence of an excess of anti-ferment. With this fluid the 
nature of the coagulant may be determined by adding to it a quantity 
of potassium oxalate in excess of the calcium present. The oxalate 
prevents the action of the kinase but has no influence on the action 
of fibrin ferment. But the one test which determines the nature of 
a coagulating substance is whether it generates fibrin ferment from 
a solution of prothrombin. If it does so then it possesses the properties 
of a kinase; if it cannot do this but still coagulates blood then it pos- 
ceases the properties of fibrin ferment. 


VIPER VENOM (NorzcHis SCUTATUS AND EcHIS CARINATA). 


The properties of the dried venoms of two vipers are described in 
this section—an Australian viper (Notechis scutatus) and an Indian viper 
(Echis carinata). These two venoms possess similar qualitative pro- 
perties and the experiments dealing with them are conveniently given 
at the same time. The properties of cobra venom are subsequently 
described since this venom exercises an entirely different action to 
the above venoms on the processes which occur in the coagulation 
of blood, 

In 1893 C. J. Martin“ published a series of experiments describing 
the effects produced by the intravascular injection of viper venom into 
animals, These effects were precisely analogous to those described by 
Wooldridge after the intravascular injection of tissue fibrinogen into 
animals. The similarity of the results led Martin to assume that viper 
venom when injected into the blood stream of animals caused the 
liberation of nucleo-protein and this nucleo-protein gave rise to the 
phenomena observed, 

But in 1903 Lamb showed that viper venom coagulated blood in 
the presence of citrate or oxalate. Martin® confirmed and extended 
these crucial experiments of Lamb and came to the conclusion that 
viper venom contained a fibrin ferment. 

From the earlier experiments of Martin on the production of intra- 
vascular coagulation and fluid blood—the so-called positive and negative 
phases of coagulation—after the intravascular injection of viper venom, 
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it was clear that viper venom possessed properties analogous to those 
ascribed to kinase on the present theory of the coagulation of blood. 
But from his later experiments on the coagulation of oxalate plasma by 
viper venom it appeared equally evident that this venom contained 
fibrin ferment. The interesting question then arose as to whether 
viper venom contained fibrin ferment or kinase, or a special substance 
which possessed the properties of both ferment and kinase. To solve 
the problem various experiments were made on birds’ plasma, fibrinogen, 
and prothrombin. 


The following abbreviations are used in the descriptions of the 


experiments : 
The venom of Notechis scutatus (Australian viper) =N. V. 
The venom of Hchis carinata (Indian viper) E. V. 
The venom of the Cobra V. 
Plasma . 
Fibrinogen in 1% NaCl = Fg—S. 
Prothrombin | ie = Pro. 
Fibrin ferment = Ff. 
Kinase | K. 
Serum 28. 

The coagulation of plasma. 


Stable birds’ plasma was prepared in the way previously described. 
To lec. of this plasma venom and water were added to bring the 
volume up to 2c.c, and the time of coagulation was noted. All the 
experiments were done at 30°C. 

The venom of Notechis scutatus. 3 mgrms. of Notechis scutatus 
venom were dissolved in 10 Cc. of distilled water. This solution was 
then diluted a thousand fold. 1c.c. of this final solution (= N’ V’) 
contained 0,000,003 grams of venom. A solution ten times as strong 


is denoted by the letters N.V. 
H,O Cong. time 
1 0.0. 1 cc. 9 0. c. 4 minutes. 
2 8 3 10 
4 6 2 10 
5 6 
1-0 0 11 „ 
2K. v.) 8 
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There are two points to be noted in these results. The first is the 
extraordinary activity of the venom of the Australian viper as a coagu- 
lant for birds’ plasma. The amount of venom which coagulated 2 c.c. of 
diluted plasma in four minutes was ‘00,000,003 grams. The second is 
the fact that a twenty fold increase in the quantity of venom added 
diminished the coagulation time from four minutes to one minute only. 
A corresponding increase in the quantity of fibrin ferment added to 
plasma would change the coagulation time from several minutes to a 
few seconds. But the change in the coagulation time is comparable to 
the results observed on adding varying amounts of kinase to plasma. 
The result therefore indicated that the venom of the Australian viper 
contained a kinase rather than a fibrin ferment. The venom of the 
Indian viper gave results similar to the above, the only difference being 
that the dried venom of this snake possessed about one twentieth of 
the activity of the Australian viper. E.V. denotes a solution of the 
venom of Echis carinata of the same strength as N. V., ie. 3 mgrms. of 
dried venom in 10,000 c.c. of water. 


The venom of Echis carinata. 


PL K v H,O Coag. time 
1 e. 2 e. e 8 o. 8 minutes. 
4 6 6 ” 
“4 
8 2 
1 (E. v. +10) 9 2 ” 


8 14 
The results are qualitatively comparable to those observed with the 
venom of the Australian viper. . 


The coagulation of fibrinogen. 

But the coagulation of plasma by venom gave only general indications 
as to the nature of the substances contained in these venoms which 
effected the coagulation of blood. In order to analyse more accurately 
the properties of these coagulating substances various experiments on 
fibrinogen dissolved in sodium chloride were done. In all these 
experiments the fibrinogen was dissolved in 1°/, NaCl. To 1 c. of 
this solution varying quantities of venom solution and water were 
added to bring the final volume to 2 C. c. By this means the concentration 
of sodium chloride was reduced to 5 %. 


— 
, 2 
— 
* 
* 
4 
* 
i 
8 
— 


COAGULATION OF BLOOD. 447 


(Fg—8) H,O Cong. time 
10.0. 10.0. 90.6. 50 minutes. 
2 8 30 ” 
“4 6 2 
„ 4 122 „ 
1 N. v.) 9 11 a 
2 — 8 8 ” 
4 6 6 ” 
6 4 83 „ 
8 2 
1-0 0 2 


(Fu 8) E v. H,O Cong. time 
10.0. 20.0. 8 o. o. 15 minutes. 
4 6 
10 0 6 ” 
2 (E. V. + 10) 8 a 4 ” 
10 0 2 8 


From these results also it is evident how much weaker Indian viper 


venom is as a coagulant for fibrinogen solutions than Australian viper 
venom, although the effects produced by the two venoms are qualitatively 
parallel. But the results of these experiments appeared to prove 
conclusively that viper venom contained a fibrin ferment and that this 
was the nature ef the active principle which caused the coagulation of 
blood. For it has been previously pointed out that fibrinogen solutions 
may be coagulated by fibrin ferment or by kinase working in conjunction 
with a calcium salt. Now a minimal quantity of calcium salt which can 
work in conjunction with tissue kinase as a coagulant for a fibrinogen 
solution is about one part in ten thousand. In the case of the venom 
of the Australian viper the total venom present when coagulation of the 
fibrinogen occurred in eight minutes was about one part in a million. 
Therefore if all the dried venom were assumed to consist of calcium 
salts tha total quantity present would be too small to effect the coagu- 
lation of the fibrinogen even though this solution contained a maximal 
quantity of tissue kinase. The obvious conclusion to be drawn from 
these experiments therefore was that the venoms contained a fibrin 
ferment, But against this conclusion was the fact that even when the 
amount of venom added to the fibrinogen solution was increased a 
hundred fold coagulation took at least a minute to complete itself— 


Australian viper venom. . 
Indian viper venom. 
v5 
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indicating that some preliminary procedure had to be undergone before 
coagulation could take place. And if the times of coagulation on varying 
the amount of venom were compared with similar experiments with 
fibrinogen and tissue kinase, the parallelism of the results indicated 
that the venom contained a kinase. 

To investigate the problem more fully the fluids obtained after 
removal of the fibrin from solutions of fibrinogen which had been 
coagulated by venom were tested for fibrin ferment. If the fibrinogen 
coagulant contained in the venom consisted of fibrin ferment then the 
fluid expressed after coagulation should have contained prothrombin 
only: but if the initial coagulant possessed the properties of a mixture 
of kinase and caleium chloride then an active ferment solution should 
have been obtained. The following experiments give the results of 
these investigations. 


A solution of fibrinogen was coagulated by the venom of the Australian viper. 


(Fe—8) N. v. H,O Coag. time 
1 0.0. 20.0. 8 0. o. 9 minutes. 
determined after varying times. 
(Fe—S) Expressed fluid N. Coag. time Tested after 
1 cc. ‘1 e. o. 9 .o. 13 minutes 15 minutes. 
68 „ 0 „ 
4 „ 4 „ 
N „ 18 „ 
(Fg—S) K V. H,O Cong. time 
1 0.0. 4e. o. 8 c.c. 15 minutes. 
After thirty minutes the fluid was expressed and its activity determined. 
(Fe—8) Expressed fluid Hw Cong. time Tested after 
1 c. 0. 1c. e. 9 c.c. 65 minutes 30 minutes. 
40 „ 60 „ 
2323 10 „ 
8 ” 180 * f 


The experiments conclusively show that these viper venoms contain 
substances which can generate fibrin ferment from prothrombin, te. that 
they contain substances physiologically equivalent to a mixture of tissue 
kinase and calcium salts. It may be noted that the rate of generation 
of ferment activity in the expressed fluids in the two cases is approxi- 
mately of the same order as the times of coagulation of the original 
fibrinogen fluids. This result indicates that the coagulating activities 
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of the venoms depend upon the same substances which getierate’ fibrin 
ferment from the prothrombin—that they contain only substances equi- 
valent to kinase and calcium and do not contain fibrin ferment. The 
property of generating fibrin ferment from a prothrombin solution is — 
shown in the Te experiments. 


venom of the Australian viper. 


A solution of fibrinogen was coagulated by fibrin ferment. The 
expressed fluid contained no fibrin ferment but a quantity of pro- 
thrombin—a fact which was shown by its inability to coagulate 
fibrinogen solutions before it was acted upon by kinase and calcium 
salts. 


Pro, x. v. 140 
1 0. 0. 2 0.0. 8 6.0. = Pro. N. 

The activity of this solution was tested after various times on fibrinogen solutions. 
(Fe—8) Pro. N. H,0 Cong. time Tested after — 
10.0. 10. o. 9 0. o. 30 minutes 10 minutes. 

20 „ 830 
1 „ 50 „ 
12 „ 10 „ 
10 „ 90 „ 


The results show a slow but progressive increase in the ferment 
activity of the original prothrombin solution. A similar experiment 
was made with the venom on the Indian viper. 


Pro. EV. H,O 
1 0.0. 4 0. 0. 6 0. 0. = Pro. E. 
After various times the activity of this fluid was tested. 
Er Pro. K. H,O Coag. time Tested after 
1 e. o. 1e. o. 9 o. o. 70 minutes 60 minutes. 
34 we 90 ” 
17 i 120 . 
| | 
In the case of this venom also a progressive increase of ferment 


activity may be noted in the prothrombin solution to which it had been 
added, 


The results of all the above experiments indicate that the venoms 
of the Australian viper and Indian viper contain substances which are 
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physiologically equivalent to a mixture of tissue kinase and calcium 
salts. Such substances possess the properties of fibrin ferment in- 
somuch that they can coagulate fibrinogen solutions alone. But such 
an effect does not depend upon the immediate action of the venom on 
the fibrinogen but is a consequence of the generation of fibrin ferment 
from the prothrombin associated with the fibrinogen. The proof that 
viper venom does not immediately act on fibrinogen cannot be adduced 
since fibrinogen free from associated prothrombin has not been prepared. 
But the observations that these venoms do generate fibrin ferment from 
prothrombin and that the times of coagulation of fibrinogen solutions 
are approximately of the same order as the times required to generate 
fibrin ferment from prothrombin afford strong evidence that the coagu- 

lation of fibrinogen by viper venom is preceded by the production of 
fibrin ferment from the associated prothrombin, and that the observed 
coagulation is due to the secondary action of this fibrin ferment on the 
fibrinogen. No experiment has yet been brought forward to indicate 
that the venom of the Australian viper differs from that of the Indian 
viper except that the former possesses about ten times the activity of 
the latter, weight for weight. 

The deduction that these viper venoms contain substances which 
are physiologically equivalent to a mixture of kinase and calcium raised 
several interesting problems. In the first place the question naturally 
arose whether the active coagulating principle in the venoms contained 
calcium within its molecule and if so whether the proportion of calcium 
to kinase was such that the combination always possessed a maximum 
efficiency as a generator of fibrin ferment from prothrombin. One of 
the most interesting observations in the production of fibrin ferment 
from prothrombin by tissue kinase and calcium chloride was the 
reciprocal relation which existed between the kinase and calcium. If 
a minimal amount of kinase were present then at least one part of 
calcium chloride in two thousand of solution was required to quickly 
generate ferment activity; but if a large quantity of kinase were present 
then the calcium chloride could be reduced to one part in ten or twenty 
thousand; and by varying either the kinase or calcium coagulation in a 
definite time could be produced. In the second place the problem arose 
whether, if viper venom contained calcium in combination within its 
active coagulating molecule this calcium could be affected in any way 
by potassium oxalate—a precipitant of calcium anit which prt the 
antes of kinase in oxalated blood. | 

infuence of chlorite on the action of the venoms. The 
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reciprocal relation which may be observed between kinase and ‘calcium 
chloride when these substances coagulate fibrinogen solutions and to 
which allusion has been made above is illustrated: in the = 


ston by inate and 
caleium being varied in amount. 


7 

090 

4 8 1 

3 5 11 ” 

6 75 

0 „ 8 No cong. 


The very large increase in the cbagulation time in the above 
5 occurred when the calcium chloride was diminished from 
2000 00 to 1800 · te. from 1 part in 8800 to 1 part in 13,000. By making 
K smaller the increase in coagulation time would have taken place with 
a higher proportion of calcium chloride. The following experiment 
shows how the time of coagulation nn is affected by 
varying the amount of kinase. 


(Fe—8) Gach (55 * 1 time 
10.0. 2 e. o. 30.0. 75 minutes, 
4 4 27 ” 
6 2 8 „ 
8 0 4 ” 
1 (K 10) 7 3 ” 
1 6 11 „ 
8 0 4 ” 


K 10 denotes « kinase aoltion ten times a strong K. 


In all the above experiments CaCl, was i. e. one part 
in thirteen thousand of solution, approximately. Increasing the kinase 


' The coagulation of fibrinogen by kinase and caleium chloride, the 
kinase being varied in amount. | 
4 
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forty fold, ie. from 2 K to 8 K 10, diminished the coagulation time 
from seventy-five minutes to half a minute. 

The relation of kinase and calcium salts to one another in the 
generation of fibrin ferment from prothrombin has been previously 
discussed, The question now under consideration is whether, if the 
active molecule of viper venom be postulated to contain kinase and 
calcium salts in combination with one another, the relation of these 
constituents is such that in addition to rendering the combined calcium 
much more active than the uncombined calcium, the combination 
possesses a maximum efficiency, de. if the coagulating activity of viper 
venom is not increased by adding more calcium or more kinase to it. 

The following experiments show the influence of calcium chloride on 
the coagulation of fibrinogen by the venom of the Australian viper. 


(Fe—8) N. V. H,O cach, Cong. time 

1 0.0. 10.0. 9 0. o. 0 0.0. 11 minutes. 
1 7 6h 

10.0. 2 8 0 8 minutes. 
2 6 2 4 ” 

10.0. 4 6 0 6 minutes. 
4 4 2 4 io 


In this experiment the adjuvant influence of CaCl, (45) on the 
coagulation of fibrinogen by this venom is well shown—the addition 
of this quantity of calcium chloride approximately doubled the efficiency 
of a given quantity of snake venom as a coagulant for a solution of 
fibrinogen. 

A similar experiment showed a similar action of calcium chloride on 
the venom of the Indian viper. 


EV H,O cach (5 Cong. time 

1 0. e. 2 o. 8 .o. 0 c.c. 15 minutes. 
2 8 2 44 „ 
4 6 0 12 minutes. 
4 4 2 „ 
1. v.j 10 0 
1 ” 7 2 1} * 
1 8 0 4 minutes. 
2 6 2 1 


Lee. GB. V.) 10=10 e. of K. V. 
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From the above it may be seen that CaCl, (150 60 has a more marked 


adjuvant action on the venom of the Indian viper than on that of the 
Australian viper. 

In these experiments a constant quantity of caleium chloride was 
added in each case, the amount of venom alone being variable. But in 
the following experiment the venom was kept constant and the amount 
of calcium: added was varied. 


K v. cach (55 H,O Cong. time 
1 40. o. 0 0. o. “6 e. o. 14 minutes. 
‘ 2 4 5 51 
4 2 5 * 
6 0 „ 


This experiment showed the very small quantity of calcium chloride 
required to markedly diminish the coagulation time of a fibrinogen 


solution by the venom of the Indian viper. The addition of Cac (550) 


diminished the coagulation time from fifteen to five minutes. 

From the above results it appeared that the efficiency of the active 
coagulating agent contained in viper venom was increased by the 
concomitant presence of calcium chloride. The result might have 
been due to the added calcium chloride assisting the action of a fibrin 
ferment contained in the venom although from the absence of any 
influence of small quantities of calcium chloride upon fibrin ferment 
obtained from blood such a mode of action seemed improbable. To 
prove that the influence of the calcium chloride was exerted on a kinase- 
like substance contained in the venom appropriate experiments were 
made. Venom and calcium chloride were added to solutions of pro- 
thrombin and the increase in ferment activity of the resultant solution 
was determined. In these experiments the results were compared with 
similar experiments to which no calcium chloride had been added. 
The action of the venom of the Australian viper on prothrombin only 
was first determined. 


The following mixture of prothrombin and venom was made up. 
Pro. H,O 
1 0.0. 2 0. 8 0. 0. Pro. N. 


f After various times the ferment activity of this solution was determined by adding 
1 0.0. of it to 1°9 0.0. of fibrinogen solution. The following figures show the rate of 
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development of ferment activity. The agin 
ciable quantity of fibrin ferment. 


„ 1.0 Cong. time Tested after 
Ide. 10. “9 0.0. 30 minutes 10 minutes. 
10 ” 9 „ 


The development of ferment activity in the prothrombin solution 
was slow but [pie A similar prothrombin venom solution 
containing CaCl, (150 60 was made. The rate of development of ferment 


activity in this solution was so rapid that in ten minutes 1 Cc. of the 
solution coagulated 2 Cc. of fibrinogen solution in two minutes. The 
addition of CaCl, 180 — 100 had increased to a very considerable degree the 


activity of the venom as a generator of fibrin ferment from prothrombin. 
The following experiment shows the rate of development of fibrin 


N in the same prothrombin solution containing CaCl, (00 — 105 b but 
only one half the quantity of venom of the previous two solutions. 
| 
5, ‘7¢.c. = Pro. N. Ca. 


The activity of this solution after various times as a coagulant for fibrinogen is shown 


Pro. N. Cong. time after 
10.0. 10. 9 0.0. 9 minutes 5 minutes. 
„ 
2 20 ” 


; 1 the sheen experiments it is clear that calcium chloride 
markedly increased the efficiency of the venom of the Australian viper 
as a coagulant for fibrinogen solutions, and that this effect of the added 
calcium chloride was due to its adjuvant action on the kinase in 
generating fibrin ferment from the prothrombin associated with the 
fibrinogen rather than in assisting the action of a body similar to 
fibrin ferment contained in the venom. _. 

The same results were obtained with equal clearness when the 
influenee of calcium chloride on the generation of fibrin ferment from 
prothrombin by the venom of the Indian viper was considered. = - > ‘ 
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The venom of the Indian viper was added to a prothrombin solution im the following 
1 ec. 40.0. 8 e. o. ‘RoBi * 


After various times the ferment sotivity of this solution was tested on « fibrinogen 
solution. 


Pro. EK. H,O Cong. time Tested after 
1 0.0. 9 e. o. 70 minutes 60 minutes. 
‘ 34 ” 90 ” 
10 
9 ” 150 * 


From the above figures it is clear that the rate of development ot 
ferment activity in the prothrombin solution under the influence of the 
venom was small. The following Be ge mar shows how this rate was 


increased ender the influence of Cac (5 100) 15 


Pro, K v. 0.0, (i) 
10. e. 4.0. 220. 40.0. = Pro. E. Ca. 
The rate of development of ferment activity in this solution is shown in the following 
figures : 


Pro. E. Ca HAO Coag. time Tested after 
1 o.c. ‘1 c.c, 9 c. o. 11 minutes 10 minutes. 


The addition of (ioo 
diminished the time in which sufficient ferment was generated for 1 c.c. 
of the mixture to coagulate 2c.c. of fibrinogen in ten minutes from 
24 hours to ten minutes. 
These experiments clearly show that although viper venoms alone 
can generate fibrin ferment from prothrombin yet their actions are 
greatly assisted by the concomitant presence of calcium salts. The 
facts are capable of two explanations (a) that only a portion of kinase 
in viper venom is combined with calcium and that the remainder 
requires extraneous calcium to be added before it can produce fibrin 
ferment from prothrombin, or (b) that the calcium combined in the 
kinase molecule is too small in amount to permit the kinase exercising 
its full activity on prothrombin solutions when the venom is present in 
minimal quantities, and that the addition of calcium salts to these 
solutions permits this more powerful action. Of these two hypotheses 
probably the latter affords a more accurate 2 of the 
phenomena observed. 
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The influence of potassium owalate on the coagulation of fibrinogen 
solutions by viper venom. The analysis of the effects produced by 
calcium salts on the coagulation of fibrinogen solutions by viper venoms 
suggested an inquiry into the influence of potassium oxalate on these 
processes. If the active coagulating agent in such a venom consists of 
a body containing kinase and a calcium salt in close union with one 
another it appeared probable that the activity of such a body would be 
influenced by the presence of potassium oxalate. The effects of 
potassium oxalate on the coagulation of plasma and fibrinogen and 
on the generation of fibrin ferment from prothrombin by snake venom 
were therefore determined. 

The following experiment shows the effect of varying quantities of 
potassium oxalate on the —— of plasma by the venom of the 
Australian viper. 


1.0 (7, N.Y, 1.0 Cong. time 
1 0.0. 0 c.c. 2 0.0. 8 o. o. 4 minutes. 
2 6 
4 4 
6 2 „ 
8 0 


(lec. N,V, =*1 of N. v.) 


From the above it is evident that potassium oxalate 3 the 
coagulating activity of the venom of the Australian viper on plasma 
but does not stop it. The result is in accordance with the previous 
observations that this venom can generate fibrin ferment from 
prothrombin only but that this action is assisted by the presence of 
calcium salts. The added oxalate precipitates the adjuvant calcium 
salts but does not stop the venom working. It may be stated that 
the effects noted are more marked than would be exerted by the same 
quantities of potassium oxalate on the coagulation of plasma by fibrin 
ferment. 

Similar results were obtained when oxalated plasma was coagulated 


with the venom of the Indian viper. 
PL K,0 (5 EV. 1.0 “Cong. time 
1 0. 0 c.c. 40.0. 6 e. e. 2 minutes. 
1 6 2 „ 
4 
4 2 
5 
6 0 35 * 
2 (N) “4 80 55 
4 2 hours. 
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In the above figures the noteworthy point is the large increase in 
the se" oY time when the potassium oxalate was increased from 
N 


50 0 (a 40 corresponds approximately to 2 ‘Is K,0). With this 

quantity of potassium oxalate all the calcium salts in the plasma were 
precipitated and there remained an excess of oxalate in the plasma. 

The more marked influence of oxalate on the coagulation of plasma 

1 viper venom compared with that noted on the coagulation 

ted by Australian venom suggested that in the former case the 

oxalate in addition to precipitating the adjuvant calcium salts inhibited 
the activity of the venom also. 

But an examination of the influence of potassium oxalate on the 
coagulation of plasma by viper venom afforded only an indication of 
the ultimate action of this salt on the active principle in the venom. 
To determine this action more accurately the effect of potassium 
oxalate on the coagulation of fibrinogen solutions by venoms was 
determined. 

The following comparative experiments show the influence of 
potassium oxalate on the coagulation of fibrinogen by the venom of 
the Australian viper. 


1 0.0. 8 0. o. 0 c.c. 5 0.0, 6 minutes. 
r 1 4 23 ” 
2 3 928 
3 2 1 2 
4 1 
5 0 


The figures show the somewhat unexpected result that potassium 
oxalate assisted the coagulation of fibrinogen by this venom. This 
effect was shown more markedly in the following comparative experi- 
ments, The amounts of venom and fibrinogen were the same in the 
two experiments the only difference being that in the one case no 


potassium oxalate was present and in the other case K,O (55 r been 


added. 
No present 0 (10) present 
1 0. o. 13 minutes minutes 
11 55 2 ” 
4 
3 6 ws „ 
PH. XXXVIIL 31 
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458 J. METEANBY, 
Similar experiments were made on the venom of the Indian viper. 
(Fe—8) RY. (5) 1 Cong. time 
16.6. ‘1 0.0. 0 0.0. 9 18 minutes. 
8 0 7 11 „ 
0 8 „ | 
1 0.0. 1 0.0. 40.0. 6 0. 0. 12 minutes. 
8 ‘4 8 10 „ 
5 4 1 7 ” 


In the case of this venom it may be seen that the adjuvant effects 
. of the oxalate were not so marked as in the case of the Australian 
venom. 

The interesting problem now arose whether this paradoxical influence 
of the potassium oxalate was exerted on the fibrinogen, prothrombin, 
or the venom itself. The influence of potassium oxalate on the 
generation of fibrin ferment from prothrombin by these venoms was 
therefore determined. The following experiment shows the effect of 
potassium oxalate on the production of fibrin ferment from prothrombin 
by the Australian venom. | 


The activity of the venom alone in generating fibrin ferment was first determined. 
The following mixture of venom and prothrombin was made, 


Pro. N.Y. H,O 
10.0. 5 o. o. 5 0.0. = Pro. N. 

After various times the activity of this fluid was tested on a fibrinogen solution. 
G- Pro. N. H,O Cong. time Tested after 
lec, 10.0. 90.0. 15 minutes 10 minutes. 

| 

80 „ 

46 „ 

7 1 60 ” 

, 5 ” 120 ” 

The same quantity of venom was now added to the same prothrombin solution but in 
this case K,O (40) was also present. 

Pro. N. v. K,0 (*) 
10.0. 5 0. 0. o. o. 


After ten minutes “1 6.0. of this solution coagulated 2 ¢.6. of Abrinogen in two minutes. 
The rate of generation of fibrin ferment from the prothrombin by the venom had been 
enormously increased by the potassium oxalate. 


The same experiment was repeated with the difference that only 2 c.c. instead of 5 0. o. 
of the venom was added to the prothrombin solution. 


Pro. N. v. * (5) H,O 
10.0. 20.0. 5 0.0. 3 0.0, Pro. N'. 
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The activity of this fluid after various times is shown below, 


(fs Pro. N. H,O Coag. time 
1 ‘1 os, 9 .o. minutes 
1 


The influence of the piensa oxalate was such that with the 
smaller amount of venom the rate of formation of fibrin ferment from 
the prothrombin was greater than with the larger quantity of venom 
only. 

Similar experiments were made with the venom of the Indian viper 
but in this case the added oxalate exercised a slightly * 
influence on the activity of the venom. 


The following solution of prothrombin and Indian venom was made up. 


Pro. K v. H. 
1 e. 0. 8 0.0. 8 6. S. Pro. E. 

The activity of this solution after various times is given below. 

(8) H,O Coag. time Tested after 
1 0.0. ‘les. 9 o. 28 minutes 15 minutes. 
12 30 
9 ” 45 ** 
7 5 60 ” 
53 90 ” 
„ 120 — 
The same solution of tenom and prothrombin was made up but potassiam oxalate to 
the extent of 40 was also added. 
Pro. EY. Kd (15 
1 0. 0. 5 0. 0. 5 0. 0. = Pro. E. 

The following figures show the activity of this venom after various times. 
(Fg—8) Pro. K H,O Coag. time Tested after 
10.0. 10.0. 9 0. o. 28 minutes 15 minutes 
2% 5„ 30 „ 

60 „ 
18 * 120 ” 


If these two experiments be compared it will be seen that potassium 
oxalate slightly depressed the activity of the Indian venom when 
generating fibrin ferment from prothrombin. The relation of this result 
to that previously given showing the slightly adjuvant effect of 
potassium oxalate on the coagulation of fibrinogen by the venom of the 
Indian viper will be discussed later. : 

The accelerating influence of potassium oxalate on the generation 

31—2 
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of fibrin ferment from prothrombin by the venom of the Australian 
viper did not permit a decision to be reached as to the ultimate site of 
action of the oxalate. From these results it was probable that the 
oxalate did not exert any marked influence on the fibrinogen. But the 
problem still remained whether the oxalate affected the venom only or 
the prothrombin only or both. To elucidate this point the potassium 
oxalate was first added to the venom and the venom was afterwards 
added to fibrinogen and prothrombin solutions to determine if any 
change had taken place in it. The following experiment shows the 
influence of adding potassium oxalate to the venom of the Australian 
viper thirty minutes before its activity was tested on a fibrinogen 
solution. 


A mixture of venom and potassium oxalate was made and this was allowed to remain 
at 80°C. for 80 minutes before being tested. 


5 0. 0. K. O =(N.Y. K. O). 


̃ 
venom and oxalate which were added direct to the fibrinogen solution. 


N.Y. KO (5) 1.0 v. time 
10.0. 5 0.0. 0 0.0. 5 0.0. 0 0.0. 18 minutes. 
A 1 5 5 0 0 8 
1 | 0 0 0 1 2 ” 
1 4 0 6 0 3 
B 1 4 4 2 0 53 ” 
1 0 0 2 8 3 
0 3 8 “4 0 
1 0 0 4 6 * 
1 0 0 6 4 ge 
k {2 ‘1 1 8 0 
1 0 0 8 2 ae 


In A and B above the influence of adding oxalate to the fibrinogen 
mixture is well shown on comparing the times of coagulation of A1 
and Bl with A2,3, and B2,3. All the results of A, B, C, D, E, 
especially of C, D, E, show the greatly enhanced effect produced by first 
adding the oxalate to the venom solution and allowing this mixture to 
incubate for thirty minutes. From the results it appeared that the 
adjuvant action of the oxalate was due primarily to the effect it 
produced on the venom itself. ‘This inference was borne out by the 
experiments. 


- 
288 
} 
va 
* 
4 
. 
> 
— — 
2 
7 
7 
. 


These mixtures were allowed to incubate for an hour and their activities on fbrinogen 
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Solutions containing a constant tity of and variable quantities of 
er eI quantity of venom 9 potassium 
N.Y, Kd (5) H,O 
4˙8 0. 0. 10.0. A (contains 150 KO) 
4N 
6N 
% 22 0 ( ” 100 ” ) 
4 12 ( 7 
5 0 = ( 


solution were determined. | | 
H,0 Cong. time 

1 0. o. 8 0. 0. 2A 4 minutes. ; 

2B 

20 % „ 

2D „ 

25 N ” 

From these results it appears that 100) 500 KO produced an optimum by 
increase in the activity of the venom 4 es Australian viper. 7 


In the following experiment the above results are compared with 


those produced by adding potassium oxalate to a venom fibrinogen 


1.0 
8 6.0. 


6 


solution direct. 
1 0.0. 0 0. o. 
2 
4 
6 
8 


4 
2 


2 
2 
2 


Coag. time K, O present 
15 minutes 0 
N 
1000 
2N 
„ 1000 
4N 
6 ” 1000 
6N 
4 1000 


By comparing the results of these two experiments it will be seen 
that if the oxalate were first added to the venom the increase in the 
coagulating efficiency took place with much smaller quantities of 
. simultaneously to 


the fibrinogen. 
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The same results were obtained when the activity of the oxalated 
venom of the Australian viper on a solution of prothrombin was 
compared with that of a similar solution of venom which had not been 
treated with oxalate. 


The following solutioi of venom and potassium oxalate was made up and the mixture 
was kept at 80° d. 
9 oc. N. v. · 1 0.0. K, O 0.0. H,O N. v. K, O. 


ing proportions. 
45 0.8. Pro. 1 0.0. N. v. 4 0.0. H,O=(X). 


A similar solution of prothrombin and venom only was made (T). After two hours 
the activities of (J) and (I) were such that 2 ¢.c. of (J) ‘coagulated 2 ¢.c. of fibrinogen 


solution in nine minutes whilst the same quantity of (Y) coagulated the same quantity of 
fibrinogen in 30 minutes, 


All the experiments therefore definitely showed that the adjuvant 
action of potassium oxalate was exerted on the venom and not on the 
fibrinogen or prothrombin. _— 

In the case of the venom of the Indian viper it has been seen that the 
simultaneous addition of venom and oxalate to a fibrinogen solution 
showed a slight increase in the coagulating power of the venom, whilst 
the addition of similar quantities of venom and oxalate to a prothrombin 
solution showed a retarding action of the oxalate on the generation of 
fibrin ferment. But when potassium oxalate was first added to the 
solution of venom and the mixture was allowed to incubate for an hour 
at 30°C. the activity of the venom was always increased both as a 
coagulant for a fibrinogen solution and as a generator of fibrin ferment 
from prothrombin. These results are shown in the following experi- 


ment. 


Potassium oxalate was added to a solution of venom of the Indian viper in the follow- 
ing proportions : 


9 d. E. v. ＋ 6.0, K,ON+°9 0. 0. H,O = E. v. K. O. 
This solution of venom contained theretore 10) potassium oxalate. After the mixture 
had remained at 30° C. for one hour its activity on fibrinogen and prothrombin was 
determined and compared with that of a solution of venom of the same strength to which 


no oxalate had been added, 2 b.. of the oxalated venom solution coagulated 2 0.0. of 


fibrinogen solution in 14 minutes. 2 0. c. of the pure venom solution coagulated the same 
quantity of fibrinogen solution in 19 minutes. 


A similar adjuvant influence of the potassium oxalate on the venom 
was seen on testing its action on a prothrombin solution. 
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The following mixtures of 


48 0.0, Pro. · 1 e. E. V. K,0 0.6. H,O=(X)’, 
4˙8 0.0. Pro. 0.0. E. v. +°400, HO (T). 


The activities of these solutions (x) and (I) after various times were as follows. 


(xy H,0 time Tested after 
lac. 200. 8 0. 0. 4 minutes hours, 
2 „ 4 „ 
( 
8 10 „ 
5 ” 4 ” 


These experiments on prothrombin solutions also showed a distinct 
increase in the activity of the Indian viper venom when previously 
submitted to the influence of potassium oxalate. Therefore so far as 
the action of potassium oxalate on the venom itself was concerned the 
effect of this salt on the venom of the Indian viper was the same as 
that exerted by it on the venom of the Australian viper. The 
contradictory results obtained when oxalate and Indian venom were 

added simultaneously to fibrinogen and prothrombin solutions will. be 
discussed when all the experiments dealing with these two venoms are 
considered, 

The influence of potassium chloride, potassium sulphate and calcium 
chloride on the coagulating activity of viper venom. In the previous 
pages the adjuvant influence of calcium chloride on the coagulation of 
fibrinogen by venom, when the venom and calcium chloride were added 
simultaneously to a fibrinogen solution, has been described and discussed. 
In the following experiments the above salts were added to the venom 
solution and the salt venom mixtures were allowed to remain for some 
time at 30° C. before their activities were tested. It has already been 
seen that venom treated in such a way with pdtassium oxalate showed 
the unexpected effect of increased activity. A similar paradoxical result 
was obtained when the venom of the Australian viper was submitted to 
the action of calcium chloride. 


The following mixtures of the venom of the Australian viper and the above salts were 


9ec.N.V. + ‘Loe. K,O(N) + H,O=(A), 
9 0.0. N. V. ‘Lee KOI + 90%. H,O =). 
9 NV. + 2%, Ka 50. (3) + 80. H,0=(0), 
9 NV. + boc. (5) + 0.0. H,O=(D), 
9 0.0. N. v. ese + 1 c. o. H,O=(E).. 
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All the above vehom salt solutions contained salt to the extent of 100. They were 


allowed to remain at 30° C. for various times before being tested. The activities of these 
mixtures tested on fibrinogen solution gave the following results. 


lec. 8 0. 0. 2 0.0. E 14 minutes 20 minutes. 
| 2 8 „ 
2 16 „ 0 „ 
2 46 „ 


From the coagulation times of the fibrinogen solution after the 
venom salt mixtures had been allowed to incubate for one hour at 30° C. 
it would appear that potassium chloride, potassium sulphate and 
calcium chloride were without action on the venom, whilst potassium 
oxalate displayed its usual accelerating action. But after the venom 
salt mixtures had remained at 30°C. for three hours the effects of the 
salts were more marked. During this time the activity of the venom 
solution itself had deteriorated as evidenced by the coagulation time of 
the fibrinogen being extended from fourteen minutes to twenty minutes. 
Potassium sulphate had apparently exercised no deleterious action ; 
whilst potassium chloride had influenced to some extent the coagulating 
activity of the venom. But the most marked effect may be noted in 
the case of calcium chloride. The influence of this salt on the venom 
was such that after three hours the coagulation time of the fibrinogen 
solution was increased from sixteen to forty-five minutes, Calcium 
chloride added to a fibrinogen solution assists the coagulating action of 
the venom; but calcium chloride added to a venom solution actively 
destroys the coagulating principle. 

Experiments similar to the above were made with the venom 
of the Indian viper. Similar results were obtained with the salts, 
potassium oxalate, potassium chloride and potassium sulphate. But 
calcium chloride, contrary to its action on the venom of the Australian 
viper, showed a marked accelerating action on this venom. 

The figures show the time of coagulation of 2 0. o. of fibrinogen produced by ‘2 0. o. of 
the following solutions : 

(1) venom alone, (2) venom +K,0 (i 50). (3) venom + CaCl, (50. 
These solutions were kept at 30° C. e 
Venom alone Ooag. time 19 minutes. 
Venom + K, „ Ooag. time 14 minutes. 


(100) - og, time minutes 
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The addition of calcium chloride in this quantity had the same 
influence on the venom when its activity was tested on a prothrombin 
solution. It appeared probable therefore that calcium chloride had an 
adjuvant action on the venom of the Indian viper contrary to the 
influence it exerted on the venom of the Australian viper. It was 
possible that the calcium chloride added to the Indian venom did not 
influence the venom itself but worked in conjunction with it on the 
prothrombin attached to the fibrinogen when the venom calcium 
mixture was tested on this solution. The possibility seemed somewhat 
remote in view of the extremely small quantity of calcium which would 
be present in the fibrinogen solution to which the venom calcium 
mixture was added. But the following experimental results proved its 


(Fs—8) EV 1.0 Cong. time 
1 0.0. 20.0. 0 0.0. 8 0. o. 14 minutes. 
2 6 
“4 4 8 
6 2 44 „ 
8 0 4 


The addition of CaCl, dimiudched the of 
fibrinogen venom solution from fifteen to five minutes. This quantity. 
of calcium chloride was present when 2c.c, of the venom calcium 
chloride mixture was added to 2c.c. of fibrinogen. It was probable 
therefore that the addition of calcium chloride to a solution of Indian 
venom did not exert an adjuvant action on the venom per se, but that 
the accelerating influence noted when the venom calcium mixture was 
added to a fibrinogen solution was due to the calcium acting in 
conjunction with the venom on the prothrombin attached to the 
fibrinogen. This influence of minute traces of calcium chloride on the 
coagulation of fibrinogen by the venom of the Indian viper would 
probably obscure any deleterious influences which the calcium chloride 
exerted on the venom itself. The results obtained, therefore, on adding 
calcium chloride to the venoms of the Australian viper and the Indian 
viper, cannot be asserted to be due to the contrary action of this salt on 
the two venoms but may be explained by the very small quantities of 
calcium salts which are required to accelerate the coagulating action of 
the Indian viper venom on fibrinogen. 
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mie nature of the active coagulating principles. 

The experiments detailed in the first portion of this paper on the coag- 
ulation of fibrinogen and the generation of fibrin ferment from prothrombin 
by viper venoms received an adequate explanation on the assumption that 
these venoms contained an active principle possessing the properties of 
a mixture of tissue kinase and calcium salt. This analogous action 
suggested that the active principle of these venoms was composed of 
kinase combined with calcium salts. The adjuvant influences exerted 
on these venoms by small quantities of calcium salts added to the 
fibrinogen or prothrombin solutions were shown to be similar to the 
effects produced when small quantities of calcium salts were added to 
fibrinogen kinase solutions in which the kinase was present in minimal 
quantities. The dilution of a venom solution in which one principle 
contained both the kinase and the calcium salt entailed that this 
dilution diminished at the same time both the active elements and it 
has been shown that a reciprocal relation apparently exists between the 
kinase and the calcium salt—the diminution of one factor demanding 
a proportionate increase of the other factor to keep the time of 
coagulation at a certain value. Therefore the accelerating influence 
exercised by the addition of calcium to fibrinogen or prothrombin 
solutions on the action of these venoms did not demand a modification 
of the hypothesis that the coagulating principle contained in them was 
composed of kinase combined with calcium salt. 

But the question naturally arose whether this hypothesis of the 
constitution of the active principle in these venoms was capable of 
explaining the actions exerted on them by neutral salts. The salient 
facts discovered in the actions of neutral salts on these venoms were 
that potassium oxalate when added to the venoms exercised a marked 
adjuvant influence on their coagulating properties whilst calcium 
chloride added to the venom of the Australian viper progressively 
destroyed it. The paradoxical influence of the calcium salt on the 
Australian venom may possibly be due to the action of the divalent 
calcium ion on the electro-negative venom. This venom is markedly 
acidic to litmus paper and the observed relations of positive ions and 
negative colloids make the explanation feasible. But the assumption 
that the active principles of these venoms consist of kinase and calcium 
in combination offers no adequate basis for the explanation of the 
influence of potassium oxalate on them. On this hypothesis the 
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natural expectation was that the addition of potassium oxalate to them 
would diminish their coagulating property since the calcium contained 
in the active principle would require to be comparatively loosely bound 
with the kinase in order to exercise its ionic effects, and such a loose 
combination would tend to be broken down by the added oxalate in a 
quantity dependant upon the relative affinities of the kinase and oxalate 
for the combined calcium. This fundamental difficulty suggested 

a modification of the original hypothesis of the constitution of the 
active coagulating principle in viper venom. This modified hypothesis 
is that the coagulating principle in these venoms consists of pure 
kinase only, and that the calcium salt required to work in conjunction 
with it in the generation of fibrin ferment from prothrombin is 
associated with the protein contained in the fibrinogen or prothrombin 
solution. 

No direct proof has been obtained that the active calcium is 
associuted with the fibrinogen rather than with the venom. And in 
the absence of this direct proof the above suggestion that the 
coagulating principle of snake venom consists of kinase only must. 
remain a matter of conjecture. Ham marsten “ proved that fibrinogen 
contained calcium to the amount of 055%. That this calcium can be 
influenced so as to effect the coagulation of the fibrinogen with which 
it is associated may be assumed from the action of potassium oxalate 
on fibrinogen solutions. The addition of potassium oxalate to a 
fibrinogen solution so that 08 % of this salt was present usually induced 
coagulation in the eourse of four to twelve hours. Such a fibrinogen 
solution invariably coagulated in the course of one or two hours when 
05 % calcium chloride was added to it and from what has been 
previously said it probably contained kinase. The action of the 
oxalate in causing coagulation would seem to depend, therefore, upon 
first splitting some of the adsorbed calcium from the fibrinogen 
aggregates, and the calcium oxalate thus split off being partially 
soluble in water (the very minute quantities of calcium required to 
coagulate fibrinogen solutions in the course of a few hours has been 
shown above) working in conjunction with the kinase present would be 
ultimately. generate sufficient fibrin ferment to produce coagulation. 

No method has been devised by means of which pure kinase can be 
made from tissue extracts and experiments with these tissue extracts 
themselves are of little value as the following observations show. The 


addition of kinase to a fibrinogen solution containing 1598 calcium 
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chloride produced. coagulation in five minutes. Twenty times this 
quantity of tissue extract produced coagulation in the same quantity of 
fibrinogen solution free from calcium in fifteen minutes. In this second 
case the calcium must have been contained either in the fibrinogen 
solution or in the tissue extract. From the comparative times of 
coagulation of the two fibrinogen solutions the amount of calcium 
present in the kinase fibrinogen mixture would not be more than 3500 
or one part of caleium chloride in one hundred thousand parts of 
solution, From these numbers it is possible that the necessary calcium 
was contained in the crude testis extract. The conjectures that 
fibrinogen solutions contain calcium salts associated with the protein 
which are able to work in conjunction with pure kinase and that kinase — 
is always contained in fibrinogen solutions (since such solutions coagulate 
on adding calcium salts only to them) raise the question why fibrinogen 
solutions do not spontaneously coagulate. The answer to this question 
is that fibrinogen solutions prepared from the most stable blood always 
coagulated spontaneously in the course of a few days if kept at 30°C. 
But whether this. coagulation was due to the action of the kinase and 
calcium .associated with the fibrinogen or to a trace of fibrin ferment 
contained in the fibrinogen solution cannot be determined. 

The very small quantities of venom which are required to coagulate 
fibrinogen solutions might be taken as an indication that the active 
principle of the venom consisted of kinase only and that the active 
calcium was derived from the fibrinogen solutions. A minimal amount 
of calcium required to coagulate a fibrinogen solution to which tissue 
extract has been added is about one part in twenty thousand. The 
activity of the venom of the Australian viper is such that the addition 
of one part of this venom to twenty million parts of fibrinogen solutions 
produces coagulation in a few minutes. On the assumption that calcium 
is required to produce coagulation of a fibrinogen solution in every case 
the quantity contained in the venom would appear too small to be able 
to exert any evident action. 

In the following pages the action of cobra venom on the processes 
which occur in the coagulation of blood is discussed. From the 
experiments there detailed it is probable that this venom contains an 
anti-kinase only. On the assumption that the venoms of the Indian 
viper and the Australian viper contain kinase it was interesting to 
determine whether cobra venom neutralised viper venom. It was found 
that no influence was exerted by the cobra venom on the viper venom. 
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These observations indicated that the coagulating principle of viper 
venom did not consist of kinase, or that the capacity of cobra venom to 
neutralise tissue kinase depended upon the union of the venom with a 
substance to which the tissue kinase was associated rather than to the 
kinase itself. The experiments did not offer any satisfactory proof of 
the constitution of the coagulating principle in viper venom. 
From the above discussion it is clear that no certain proof has been 
adduced that the coagulating principles contained in the venoms of the 
Indian viper and Australian viper consist of kinase only, the comparative 
purity of this kinase enabling it to work in conjunction with the calcium 
salts associated with the protein in fibrinogen or prothrombin solutions 
in the generation of fibrin ferment. On the other hand certain 
indications have been observed that such a constitution of the active 
principle in viper venom is possible. The question now arises whether 
the observed action of potassium oxalate on these venoms receives a 
reasonable explanation on this hypothesis. The main fact observed was 
that potassium oxalate added in small quantities to the venoms of the 
Australian viper and the Indian viper markedly increased their action. 
It has been seen that the assumption that the active principles in these 
venoms are composed of kinase in union with calcium salts is entirely 
at variance with this action of potassium oxalate. But on the above 
hypothesis the following explanation of the mode of action of potassium 
oxalate appears feasible. The molecules of potassium oxalate become 
associated with the kinase molecules so that the active coagulating 
principles become molecular aggregates of kinase and potassium oxalate. 
By virtue of the associated potassium oxalate these molecular aggregates 
have an affinity for the calcium attached to the protein molecules 
stronger than that previously possessed by the kinase only. From this 
it follows that more calcium will be attracted to the kinase molecules, 
the relative amounts distributed between the kinase and fibrinogen at 
any time being a function of the relative affinities of these two substances 
for the calcium salt present in the mixture. This increase in the 
quantity of calcium transferred to the sphere of influence of the kinase 
molecules will result in a larger generation of fibrin ferment from the 
prothrombin present in a given space of time just as an addition of 
calcium to a venom prothrombin solution results in a more rapid pro- 
duction of ferment. The addition of potassium oxalate to a fibrinogen 
or prothrombin solution always increases the action of the venom of the 
Australian viper. The affinity of this venom therefore for potassium 
oxalate must be great. But in the case of the venom of the Indian 
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viper the previous addition of the potassium oxalate to a fibrinogen or 
prothrombin solution leads to variable results. Sometimes the action 
of the venom is accelerated, at other times it is depressed. On the 
hypothesis at present under discussion this variable action may be 
explained by assuming that in addition to the oxalate combining with 
the venom molecules it also splits off the calcium salt from the protein 
and precipitates it as an insoluble oxalate, These two actions of the 
potassium oxalate are antagonistic to one another so far as the generation 
of fibrin ferment is concerned and the relative amounts of each action 
will determine in any case whether the coagulation process is hastened 
or delayed. 

When potassium oxalate was added to plasma it was found that in 
the case of both these venoms the coagulation process was delayed—the 
influence of the oxalate being more marked in the case of the venom of 
the Indian viper. This effect of the oxalate was clearly due to the 
precipitation of the ionised calcium salts in the plasma, the addition of 
a calcium salt to a fibrinogen solution having been shown to markedly 
accelerate the coagulating actions of both these venoms. The more 
marked inhibitory influence of the oxalate on the venom of the Indian 
viper receives the same explanation that has been given above to account 
for the relative effects of the previous addition of potassium oxalate to 
a fibrinogen or prothrombin solution on the activities of these venoms. 

The results of the above discussion may be briefly stated. The 

addition of the venom of the Indian viper or the Australian viper to a 
- fibrinogen or prothrombin solution causes a production of fibrin ferment. 
Therefore on the present theory of the coagulation of blood the pro- 
thrombin venom mixture contains kinase and calcium salts, The venom 
clearly contains the kinase. The question then arises as to which con- 
stituent of the mixture contains the calcium salts, From general 
considerations and more particularly from the action of potassium 
oxalate on these venoms the hypothesis has been advanced that the 
calcium salt is not associated with the kinase in the venom molecule 
but is present in the fibrinogen or prothrombin solution adsorbed by 
the protein aggregates. 


The positive and negative phases in blood coagulation— 
intravascular coagulation. 


In 1886 Wooldridge® described a series of experiments in 
which he produced intravascular coagulation in living animals by the 
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injection of tissue fibrinogen. On the present theory of the coagulation 
of blood the tissue fibrinogen owed its coagulating properties to the 
‘kinase contained within it. It may therefore be assumed that the 
phenomena which he described are similar to those which would be 
observed after the intravenous injection of varying quantities of kinase. 
The main facts described by Wooldridge were that the injection of 
small quantities of tissue fibrinogen led to an increase in the coagula- 
bility of the blood, whilst larger quantities often produced intravascular 
coagulation—the degree of coagulation varying from a slight thrombosis 
in the portal area to extensive clotting throughout the body. If after 
the injection of moderate quantities of tissue fibrinogen the intravascular 
coagulation was small in amount or absent then the remaining blood 
showed little tendency to coagulate (the so-called negative phase in 
blood coagulation). The production of this negative phase conferred a 
temporary immunity on the animal against the injection of additional 
large quantities of tissue fibrinogen, the blood drawn from the animal 
after this second injection showing no tendency whatever to coagulate. 
Wooldridge considered this negative phase blood to be different to 
peptone blood. 

The similarity of peptone blood and negative phase blood and the 
identity of the conditions under which both could be produced led 
Wright” to state that they were identical. Lilienfeld assumed 
that the stable blood obtained after injecting tissue fibrinogen owed its 
properties to an excess of histon within it. 

The researches of C.J. Martin® on the effects produced on the blood 
of animals by the intravenous injection of various snake venoms and the 
similarity of the results obtained with those described by Wooldridge 
after the injection of tissue fibrinogen have already been mentioned. 
From these experiments it was clear that if the effects produced by the 
injection of tissue fibrinogen were due to the presence of kinase then 
snake venom contained a substance possessing properties similar to 
tissue kinase, Wooldridge injected about two grams of tissue 
fibrinogen into a dog to produce intravascular coagulation; the 
quantity of venom used by Martin to produce a similar effect was 
about two milligrams. The relative weights of the two substances 
emphasises the purity of the snake venom. In the previous pages the 
actions of the venoms of the Australian viper and the Indian viper on 
plasma and fibrinogen have been described. In the following pages the 
effects produced on blood after the intravenous injection of the venoms 
into living animals are described. 
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The details of the experiments published by Martin render it a 
comparatively easy matter to produce intravascular coagulation or fluid 
blood by the intravenous injection of snake venom into animals. In 
the case of cats the rapid injection of two milligrams of venom leads to 
intravascular coagulation—the slow injection of the same quantity (the 
injection extending over thirty minutes) leads to the production of fluid 
blood. Smaller quantities of the venom of the Australian viper than 
the Indian viper are required to produce these effects—a relation which 
has been previously observed on the coagulation of fibrinogen by these 
‘venoms, The following is a description of an experiment in which the 
venom of the Australian viper was injected into the jugular vein of a 
cat (weight 3 kilos). 

The cat was anaesthetised, and a tracheotomy operation performed. 
The left jugular Vein and the right carotid artery were isolated and 
cannulae were tied into them. 5 mgrm. of venom dissolved in 30 cc. 
of Ringer solution were slowly injected into the jugular vein. This 
injection occupied twenty minutes. At the end of this time a sample 
of blood taken from the carotid artery clotted in ten seconds—the blood 
showed a well marked positive phase of coagulation. After the lapse 
of five minutes ‘3 mgrms. of venom dissolved in 5 c.c. of Ringer solution 
were slowly injected into the jugular vein. This injection occupied 
three minutes. After the lapse of five minutes the animal was bled to 
death. The blood was non-coagulable. It showed no sign of coagu- 
lation after the lapse of twenty-four hours. 60c.c. of this fluid blood 
were centrifuged and the plasma syphoned off. The plasma was slightly 
red owing to a small amount of haemolysis having taken place. The 
oe experiments were done on this plasma. 


, fibrin ferment, anf} kinase were prepared from à cock. The activities of 
the fibrin ferment and the kinase are shown below. 


(Fg—S) H, Coag. time 


0 10.0. 9 0.0, 10. 4 minute. 
From this it follows that the ferment solution was very active. 
(Fe—8) 1.0 Cong. time 
(i) 10.0. 2 0.0. 20.0. 0.0. 14 minutes. 


Therefore the kinase solution was active and the fibrinogen solution contained 


(III) 1... of fibrin ferment was added to 1 .c. of fluid cats’ plasma—no coagulation 
the contelned no fibrinogen, or an excess of anti-fibrin- 
ferment, or some other inhibitory body. 
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(IV) To determine whether all the fibrin ferment disappeared in the following 
experiment was done. te 


10.0. (Pg—S) + 2 0.0. (IIT) Coag. in 20 minutes. 
1 0.0. (Fg) + 10.0. (III) 2 x Coag. in 5 minutes. 
Therefore the mixture (III) (originally composed of equal parts of cate’ plasma and 


cocks’ wem ferment) contained after the lapse of 80 minutes something which would 
coagulate cocks’ fibrinogen. 


(V) The effect of kinase on this fluid cats’ plasma was now tried. 
Cats’ plasma K. cect, (ij) Cong. time 
1 0.0. 8 o. o. 20.0. No coag. occurred. 
Although a large quantity of kinase was added in the above experiment the absence of 


coagulation might have been due to the presence of an anti-kinase in the cats’ plasma. 
(VI) But 


1 0.0. +2 0.0. 0.0. CaCl, (10) + 6.0. H,0—Coag. in 5 minutes. 


Therefore, from the above experiments, it was clear that the cats’ 
plasma obtained after injecting the venom of the Australian viper 
would not coagulate on adding cocks’ fibrin ferment or kinase although 
the subsequent examination of portions of cats’ plasma so treated 
showed that they contained an excess of free fibrin ferment and kinase. 
Similarly Martin has shown that such fluid blood obtained from dogs 
will not coagulate on adding more venom to it. The only conclusion 
to be drawn from these results was that the cats’ plasma contained no 
fibrinogen. This conclusion was confirmed by the following experiments. 


(VII) 1.0. of cocks’ fibrinogen solution was added to 1.0. of fluid cats’ plasma. 
Coagulation occurred in 24 minutes. Therefore the cats’ plasma contained those con- 


stituents necessary to coagulate fibrinogen but did not coagulate itself. From this it 
follows that fibrinogen must have been absent in the plasma. 


(VIII) There was a possibility that cocks’ fibrin ferment would not coagulate normal 


cats’ plasma, But this was disproved by adding this fibrin ferment to oxalated plasma 
obtained from another cat. 


1 0.0. oxalate cats’ plasma + 9 c.c, H,O + 1 c.c, Ferment—Coag. in 1 minute. 


The fibrin ferment obtained from the cock was an efficient coagulant of the oxalated 
plasma obtained from a cat. The effect of cocks’ kinase on cats’ plasma could not be 
determined since oxalated cats’ plasma contained sufficient kinase to clot spontaneously 
on adding sufficient calcium chloride to it. 


From all the above experiments it follows that blood in the negative 
phase obtained after injecting the venom of the Australian viper is non- 
coagulable since it contains no fibrinogen. The direct proof that it 
contained no fibrinogen was obtained by precipitating the globulin from 
such a plasma by dilution with distilled water and neutralisation of the 
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diluted mixture with a little acetic acid. The globulin so obtained 
when dissolved in tenth normal sodium chloride would not coagulate on 
adding fibrin ferment or kinase and calcium chloride to it. Therefore 
it was composed of serum globulin only and contained no fibrinogen. 
In the case of this experiment the possible presence of inhibitory factors 
was excluded by preparing the globulin free from all the other con- 
stituents of the plasma. 

The fact that negative phase blood owes its fluidity to the absence 
of fibrinogen offers an easy explanation of the phenomena which are 
observed after the injection of tissue fibrinogens into animals. The 
injection of a small amount of such a substance increases the quantity 
of kinase in the blood. Consequently the blood becomes more coagu- 
lable and the positive phase of blood coagulation becomes evident. 
Whether intravascular coagulation or fluid blood results on the further 
injection of kinase depends on the rate at which it is injected. If the 
kinase is quickly injected there is a rapid formation of fibrin, the 
molecules of fibrin when formed coalesce, filaments are produced and 
intravascular coagulation results. If the kinase is slowly injected there 
is a correspondingly slow formation of fibrin, the molecules of fibrin 
when formed are removed by the tissue cells and finally all the 
fibrinogen is formed into fibrin, the fibrin being removed from the 
blood before it can form filaments. Whether intravascular. coagu- 
lation or fluid blood results on the injection of kinase into animals the 
effect of the kinase is the same in the two cases—the generation of 
fibrin ferment and the formation of fibrin from fibrinogen. The diverse 
final effects observed depend only upon the rate of formation of the 
fibrin. If the rate of formation of the fibrin is too great for the tissue 
cells to deal with it intravascular coagulation results; if the rate is 
sufficiently small to allow the tissue cells to work then fluid blood 
ultimately results. 

In the above description the experiments have dealt with blood in 
which perfect fluidity was obtained. By a smaller injection of venom 
blood which was spontaneously coagulable in a longer or shorter time 
could have been obtained. Such blood is necessarily the result of 
injecting a quantity of venom too small to effect the transference of 
the whole of the fibrinogen into fibrin. The time of coagulation of this 
blood will necessarily be hastened by such factors as influence the 
coagulation of peptone blood since these procedures shorten the time of 
coagulation of normal blood. The extended times of coagulation of 
“partial” negative phase blood depend upon the concomitant diminution 
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of two factors concerned in coagulation—the fibrinogen and associated 
prothrombm. For this reason a sample of blood containing only a small 
quantity of fibrinogen may take days to clot spontaneously and in fact 
may not coagulate spontaneously if the quantity of fibrinogen contained 
in it is so small that the generation of fibrin ferment from the pro- 
thrombin is sufficiently slow to permit of its neutralisation by the 
anti-fibrin-ferment contained in the plasma. 

The temporary immunity observed after the injection of tissue 
fibrinogen also receives a ready explanation. The first injection of the 
kinase causes the disappearance of the fibrinogen from the blood; the 
second injection is therefore not able to produce intravascular coagu- 
lation until the fibrinogen has been restored to the blood, i.e. within 
the next twenty-four hours during yhich time the immunity is stated 
to last. 

The analysis of the phenomena which have been observed on 
injecting snake venom into the blood stream of animals throws an 
interesting light on the relation of the blood to the tissues in general. 
It may be assumed that all tissues contain kinase in greater or less 
amounts, The tissues are continually dying or being injured. Con- 
sequently kinase must get into the blood stream. This kinase in 
conjunction with the calcium salts in the blood generates some fibrin 
ferment, and the production of ferment in molecular continuity with 
fibrinogen necessitates that this fibrinogen will be coagulated. There 
is no evident quantity of anti-kinase in the bl Therefore if the 
organism could not deal with a slow formation of fibrin thrombosis 
would be a continual occurrence in the life history of animals. Probably 
the same cells which are concerned in the removal of small quantities of 
fibrin from the blood stream are also concerned in the removal of any 
products of cell disintegration containing kinase. That the body is 
continually occupied with the formation of fibrinogen is evident from 
the observation that after the production of fluid blood by the injection 
of kinase the blood regains its normal coagulability within the next 
twenty-four hours. It is not conceivable that the fibrinogen would 
return 80 rapidly to the blood if the tissues were not continually 
concerned in the manufacture of this protein. 

Wright's statement that negative phase blood is similar to peptone 
blood has been mentioned above. It may be stated, in conclusion, that 
a dog which had developed peptone immunity as the result of a peptone 
injection, gave negative phase blood after the injection of the venom of 
the Australian viper, although the blood before the injection of this 
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venom was normally coagulable. The result of this experiment con- 
clusively differentiates the two classes of blood. But the properties of 
peptone blood will be discussed in a subsequent section. 


CoBRA VENOM. 


In contradistinction to the properties of the two viper venoms 
previously discussed the venom of the cobra always produces non- 
coagulable blood whether it is injected intravenously into an animal or 
added to blood in witro. Morawitz®, as the result of a series of 
experiments on this venom, came to the conclusion that it contained an 
anti-kinase. The coagulation of blood by thrombin was not hindered 
by its presence, but a quantitative relation was found to exist between 
the venom and thrombo-kinase. This deduction of Morawitz was 
confirmed by the results of the following experiments, - 


The influence of cobra venom on the coagulation of fibrinogen by 

fibrin ferment. 

2 mgrms. of cobra venom were dissolved in 5 cc. water. This 
solution is designated by the letters C.V. It may be noted that 
this solution of cobra venom was about one hundred times as strong as 
the solutions of the venoms of the Indian viper and Australian viper 
previously used to coagulate fibrinogen solutions. The following 
experiment shows the influence of cobra venom on the coagulation of 
fibrinogen by fibrin ferment. 


(Fe—8) Ft. HyO Coag. time 
20.0. 0 0. o. 2 0.0. 8 0. 0. 1 minute. 

2 2 2 6 17 

2 8 0 7 No coagulation. 


From the above it is clear that cobra venom alone does not 
coagulate fibrinogen, nor does it prevent the action of fibrin ferment 
on this protein. 

Cobra venom was added directly to a fibrin ferment solution as follows. 
1 oo. C. V. 1 Ff. C. V. F. 
After ten minutes the activity of this solution was tested on a fibrinogen solution. 
av. x. HO Coag. time 
20.0. *4 0.0, 8 0.0. 1 minute. 


From the time of coagulation it is evident that the cobra venom 
exercised no influence on the fibrin ferment. 
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The influence of cobra venom on kinase. 


The effect of cobra venom on the generation of fibrin ferment from 
prothrombin by kinase and calcium salts was now determined. This 
influence was estimated in two ways: (a) by adding the venom to a 
fibrinogen solution and determining the change in the coagulation time 
induced by definite amounts of kinase and calcium chloride, and (b) 
adding the venom to a prothrombin solution and determining the rate 
of change in the production of fibrin ferment by given quantities of 
kinase and calcium salt. The following experiment shows the influence 
of cobra venom on the coagulation of fibrinogen by kinase and calcium 
chloride. 


(Fe—S) av. k. (5) 1.0 Coag. time 
2 c. o. 0 0. o. 2 0.0. 20.0. 8 0. o. 8 minutes. 
1 2 2 5 8 
2 2 2 4 8 . 
3 2 2 3 
4 2 2 2 14 10 
5 2 2 
2 0. 0. 5 2 2 1 6 0 


In the first six experiments above the cobra venom was added to 
the fibrinogen solution immediately before the kinase and calcium 
chloride. In the last experiment the venom was first added to 
the fibrinogen and the mixture was allowed to incubate for fifteen 
minutes before the kinase and calcium chloride were added. The 
preliminary incubation of the venom with the fibrinogen diminished the 
coagulation time by ten minutes, ie. from sixteen minutes to six 
minutes. It was clear therefore that the fibrinogen took up the cobra 
venom and so protected the kinase subsequently added. 

The influence of cobra venom on fibrinogen may be seen if a large 
quantity of venom is added to a fibrinogen solution and after an 
interval the coagulation time of this solution by fibrin ferment be 
compared with the time taken by the same quantity of ferment to 
coagulate a fibrinogen solution free from venom. This influence is 
shown in the following experiment. 


N. cv. H,O Cong. time 
20.0. 10.0. 0 0. c. 9 0. 0. Iz minutes. 
2 1 5 4 33 „ 


The preliminary incubation of the venom with the fibrinogen had 
made this fibrinogen more resistant to coagulation by fibrin ferment— 
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478 J. MELLANBY. 
the increased resistance being shown by a two minutes extension of the 
coagulation time. 


The influence of cobra venom on the generation of fibrin ferment 
from prothrombin by kinase and calcium chloride is shown very clearly 
in the following experiments. 


quantities of kinase and calcium chloride was shown thus: 


Pre * 10 
(I) 20.0. 10.0. 20. 0. ten P. 
After definite times the ferment activity of this solution was determined. 

(Fe—8) F. H,O Cong. time Tested after 
2 c.c. 206. . 8 0. o. 110 minutes 8 minutes. 

20 ” 

9 12 

16 „ 

2 „ 1 „ 


— quantities of prothrombin, kinase and calcium chloride were made as in (I) 
ere 10.0. of C. V. was added to the mixture thus: 


Pro. * cad (ih) av. HO 
(i) 2000. 10. o. 20.0. 10.0. 8 0.0 P. V. 
The ferment activity of this solution may be determined from the following results. 
(Fe—8) P. v. H,O Coag. time Tested after 
2 0.0. 2 a0. 8 0.0. Trace of coag. in 100 mins. 20 mins. 
2 8 Small coag. in 1 hr. 83 mins. 0 „ 
4 6 * ” * 40 ” 
“4 “6 15 mins. 60 „ 
4 6 80 „ 


On comparing the rates of generation of fibrin ferment in (I) 
and (II) above the inhibitory effect of the cobra venom may be readily 
seen. 

In the third experiment given below the relative amounts of 
prothrombin, cobra venom and calcium chloride were the same as in 
(II), but the kinase was doubled in quantity thus: 


Pro. K. (75) av. Ho 
(IIT) 20.0. 20.0. 20.0. lee. P. V. 
The ferment activity of this mixture was tested after various times. 17 85 
(Fe—8) F. v. umwe Tested after 
2 cc. 20 Bac. 15 minutes 20 minutes. 
4 40 


ee 60 „ 
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By comparing the results in (II) and (III), it may be seen that 
doubling the amount of kinase very materially diminished the 
inhibitory —_— exerted by a constant quantity of cobra venom. 


The influence of cobra venom on the venome of the Australian 
viper and Indian viper. 


The absence of any neutralising effect of cobra venom on the active | 
coagulating principles contained in the venoms of the Australian viper / 
and the Indian viper has been alluded to in the section dealing with the 
properties of these venoms. The following experiment shows the times 
of coagulation of birds’ plasma by the venom of the Australian viper in 


the presence and absence of cobra venom. — : 
Plasma cv. N. v. H, 0 Cong. time 
1 0.0. 0 0. o. 10.0. 9 0.0. 14 minutes. 
1 1 8 
5 4 4 


The addition of cobra venom to the plasma produced a small delay 

in the coagulation time, but the delay was negligible compared to that 

produced by similar quantities of this venom on thrombo-kinase. 

There was no increased or diminished effect on adding the cobra venom 

to the plasma and allowing the plasma venom mixture to incubate for 

ten minutes before adding the Notechis venom. | . 
The following experiment shows that the influence of cobra venom 

on the venom of the Indian viper was the same as that exerted on the 


Australian venom. 
Plasma EY. Cong, time 
1 c.c. 0 6.0. 8 0.0. 70. o. 14 minutes. 
1 5 8 pn 2 ” 


All the above experiments with cobra venom, fibrinogen, fibrin 
ferment, and kinase, showed conclusively that this venom contains 
an anti-kinase. The diminished inhibitory effect exerted by the venom 
on kinase after the preliminary incubation of the venom with a 
fibrinogen solution proved that the venom was taken up by the 
fibrinogen and so removed from the sphere of action of the kinase. 
The negligible influence of cobra venom on the venoms of the 
Australian and Indian vipers indicated that these latter venoms did 
not contain kinase if the assumption that cobra venom contained an | 
anti-kinase were correct. But Martin“ has shown that the serum of * 
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a horse immunised against the venom of the Australian viper neutral- 
ised upwards of 10,000 times the minimal coagulating quantity of 
venom for 1 C. of plasma and yet was without effect on the venom of 
the Indian viper. The active coagulating principles contained in the 
Australian and Indian vipers have been seen to possess similar 
physiological properties. Consequently Martin’s experiments appear 
to denote that identity of physiological action by no means implies a 
similarity of those properties on which the neutralisation of a substance 
by its anti-body depends. 


PEPTONE BLOOD. 


Introduction. Since the discovery by Schmidt-Mulheim® in 
1882 that the intravenous injection of peptone into certain animals 
caused the blood to remain fluid for a considerable time after removal 
from the body, peptone blood has been the subject of many researches. 
But despite all the work that has been done on the subject the cause of 
the stability of this blood still remains obscure. 

After the promulgation of the present theory of the coagulation of 


blood Fuld and Spiro™ and Morawitz™ investigated this problem. 


These observers came to the conclusion that a large quantity of 
anti-thrombin was present in peptone blood. But Morawitz definitely 
recognised that this anti-thrombin (which he stated was produced 
in large quantities after the injection of the peptone) was not the 
main cause but only an adjuvant factor in the preservation of the 
fluidity of peptone blood. He stated that peptone plasma contained 
prothrombin since Wooldridge and Hewlett showed that it 
coagulated on adding tissue extracts to it. Further that it contained 
kinase since the precipitate obtained by Wooldridge on cooling 
peptone plasma contained this substance. Also that it contained 
calcium. Therefore it contained all the elements necessary for the 
formation of fibrin ferment and yet there was some factor present 
which prevented any production of ferment. This factor he stated to 
*. win important cause of the preservation of the fluid state of peptone 

Many properties of peptone blood have been described but the 
most important methods of producing coagulation in it were discovered 
by Fano™. He found that peptone blood could always be coagulated 
by neutralisation with an acid, passage of carbon-dioxide, dilution 
with water, and the addition of neutral salts) Schmidt-Mulheim 
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stated that it could be coagulated by fibrin ferment. But Fano and 
Wooldridge contradicted this statement. Pekelharing however 
showed that peptone blood would coagulate on the addition of fibrin 
ferment and Dastre and Floresco™ proved that it did contain fibrin 
' ferment since the addition of peptone plasma to the pericardial fluid 
of a horse produced coagulation. 


Preparation of peptone plasma. 

The many diverse statements which have been made with regard to 
peptone blood appeared to indicate that a detailed investigation of the 
subject would be of interest. 

A fasting dog was anaesthetised and a tracheotomy operation 
performed. Cannulae were inserted into the left jugular vein and the 
right carotid artery. The animal was first bled from the carotid artery 
to the extent of 100c.c. into a tube containing potassium oxalate, the 
final quantity of oxalate in the blood being about 15 % A 5% 
solution of Witte’s peptone dissolved in Ringer's fluid was quickly 
injected into the jugular vein to the extent of 3 grams of peptone per 
kilo of body weight of the animal. Five minutes after the injection of 
the peptone 200 c.c. of blood were obtained from the carotid artery. 
After the lapse of three hours the blood in the animal regained its 
normal coagulability but a subsequent injection of peptone was unable 
to render the blood non-coagulable—the animal showed the well 
recognised peptone immunity. A small quantity of the venom of the 
Australian viper was now slowly injected and stable fluid blood (ie. 
blood in the negative phase of coagulation) was obtained. The last 
portion of the experiment has been mentioned in the section dealing 
with intravascular coagulation. The results showed in a striking 
manner that different factors were involved in the production of 
peptone blood and negative phase blood. The oxalate blood and 
peptone blood were centrifuged and the supernatant specimens of 
plasma were syphoned off. 


The coagulation of dogs’ peptone plasma by birds’ fibrin ferment 


Fibrinogen, kinase and fibrin ferment were obtained from a bird in 
the way previously described. The following results show the strengths 
of the birds’ kinase and fibrin ferment used in the experiments on the 
dogs’ peptone plasma and oxalate plasma. 
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Strength of kinase. 
2 «.c. 20. o. 2.0. 8 0.0. 8 minutes. 
2 1 2 7 44 50 | 
Strength of ferment. 
(Fe—8) Cong. time 
2 c.0. ‘2 8 0. 0. 14 minutes. 
The efficiency of this ferment solution on the dogs’ oxalated plasma (= Pl. 0) was 
determined. 


PLO Ft. H,O Coag. time 
2 0.0. 20.0. 8 0. o. 4 minutes. 
4 6 14 ” 


From this experiment it was evident that birds’ fibrin ferment was 
an efficient coagulant for dogs’ oxalate plasma. The effect of adding 
birds’ kinase to dogs’ oxalate plasma could not be tried since this plasma 
normally coagulated on adding calcium chloride to it in a quantity 
chemically in excess of the oxalate, But the effect of adding birds’ 
kinase and fibrin ferment on peptone plasma are shown in the following 
experiments, 


Birds ferment on peptone plasma. (E H. F.) 


Pl. P. Ft. 31,0 Coag. time 
2 0.0. 20.0. 8 0. o. No ooag. in 30 minutes. 
2 3 6 8 minutes. | 


The coagulation of peptone’plasma could be produced by moderate | 
quantities of birds’ fibrin ferment. But there was clearly something 
present in the plasma which inhibited the action of the ferment. 


Birds’ kinase on peptone plasma. 
PLP. o.. (ij H,O Cong. time 
86. 2 0.0, 0 0.0, 8. 6 minutes. 
2 2 “6 
. 6 Coagulation in this plasma could also be produced by adding the extract of a cock’s 


to it, and this action was increased by the addition of (180). 
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From the above experiments it followed that dogs’ peptone plasma 
could be coagulated by birds’ fibrin ferment and kinase but that there 
was some factor present in the plasma which inhibited the actions of 
these substances. 

The globulin present in 50 c. o. of peptone plasma was precipitated in 
the usual way by dilution with ten volumes of distilled water and 
neutralisation of the mixture with dilute acetic acid. The globulin so 
obtained was dissolved in ‘75 % NaCl (a) There was a fair quantity 
of precipitate which did not dissolve in the sodium chloride and 


like fibrin. 
The coagulation of (a') by birds’ kinase and caleiwm chloride. 
K. CaCl, H,0 Cong. time 
(A) 2 0. o. 20.0. 20.0. 6 3 minutes. 
The coagulation (a) by birds’ fibrin ferment. 
@) Ft. H,O Coag. time 
(B) 20.0. 20.0. 8 e. o. 8 minutes. 
6 4 IA minate. 
After 30 minutes the fluid was expressed from (A) above and tested for fibrin ferment. 
100 (A) fluid Coag. time 
(C) 20.0. 20.0. | 8 0. o. 2 minutes. 


From (A) and (B) above it followed that the peptone plasma 
contained fibrinogen which could be coagulated by kinase and calcium 
chloride or by fibrin ferment. From the experiment (C) it was evident 
that a fair quantity of prothrombin was associated with the fibrinogen. 
The fibrinogen solution (a’) coagulated spontaneously within an hour 
proving that the fibrinogen was associated with a small quantity of 
fibrin ferment. The readiness with which the fibrinogen prepared from 
peptone plasma could be coagulated indicated that the inhibitory factor 
present in this plasma did not accompany the fibrinogen in its pre- 
cipitations. 


| The inhibitory factor in peptone plasma. 

The problem which now remained for solution was the nature of 
this inhibitory factor. It has been stated that the general consensus 
ef opinion is that the stability of. peptone blood is due to the presence 
in it of an anti-thrombin, this anti-thrombin being excreted into the 
blood under the stimulus of the injected peptone. But it has been 
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previously shown that normal blood contains anti-thrombin, the quantity 
of this substance usually present being largely in excess of that 
necessary to neutralise all the ferment which can be formed in the 
blood. The reason why this anti-thrombin does not prevent normal 
blood from spontaneously coagulating was shown to be due to two 
factors (a) that fibrin ferment is produced from prothrombin in 
molecular proximity to the fibrinogen, and (b) that a definite time 
interval is involved in the neutralisation of fibrin ferment by anti- 
thrombin. Also it was shown that the function of anti-thrombin was 
not to prevent coagulation taking place at the site of the lesion (i. e. 
where the kinase was liberated) but to prevent the formation of an 
extending coagulum due to the passage of free fibrin ferment in the 
blood stream to places remote from the lesion. These facts rendered it 
improbable that the fluidity of peptone blood was due to the presence 
in it of a large quantity of anti-thrombin. The conjecture was 
submitted to the test of experiment. 


2 c.c. of dogs oxalate serum were added to 1 o.c. of birds’ fibrin ferment= A. 

2 0.0. of dogs’ peptone plasma were added to 1 0. o. of birds’ fibrin ferment (an instant 
coagulum was produced) = B. 
_ After twenty minutes the activities of A and B were tested on birds’ fibrinogen. 


(Fg—8) A H,O Coag. time 
20. o. 20.0. 8 o. o. 8 minutes. 
2 4 6 eee: 

B 
20.0. 20.0. 8 6.6, 5 minutes. 
2 4 6 14 ” 


From the above experiments it followed that dogs’ peptone plasma 
did not contain a quantity of anti-fibrin-ferment in excess of that 
contained in the same animals’ oxalate plasma. The results conclusively 
proved that dogs’ peptone blood does not owe its stability to the anti- 
fibrin-ferment contained within it. 

The problem still remained as to the cause of the stability of peptone 
plasma. It has been shown that this plasma coagulates on adding to 
it moderate quantities of ferment or kinase, that it contains fibrinogen 
and prothrombin, and that it does not contain an excess of anti-thrombin. 
Further it contains small quantities of kinase since peptone plasma 
invariably coagulates on keeping (a week's interval may sometimes 
' elapse before coagulation is produced), This coagulation can be con- 
siderably hastened by adding birds’ fibrinogen to it as the following 
result shows. 
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20. of birds’ fibrinogen were added to 2 C. of peptone plasma. 
The birds’ fibrinogen was instantly dissolved and coagulation occurred in 
five minutes. Similar experiments were made with other samples of 
peptone plasma with the same result—coagulation always ensued in a 
longer or shorter time, the length of time which elapsed before coagu- 
lation occurred being a function of the amount of fibrinogen added, a 
larger quantity of fibrinogen causing more rapid coagulation. Therefore 
the peptone plasma contained kinase and calcium salts capable of 
generating fibrin ferment from prothrombin. 


The influence of alkali on the coagulation of omalated 
dogs’ plasma and birds’ plasma, 

But all these results follow directly from the original observa- 
tions of Fano, that peptone blood quickly coagulates when carbon- 
dioxide is passed through it or its alkalinity is neutralised by an 
acid. And these experiments give the clue to the cause of the 
stability of peptone blood—its excessive alkalinity. This explanation 
is so obvious that it has been previously advanced but has been rejected 
since various experimenters have stated that peptone blood is not more 
alkaline than normal blood. Thus Dastre and Floresco™ definitely 
came to the conclusion that peptone blood owed its stability to the 
presence of an excess of alkali in it and showed that fibrin ferment was 
present in this blood since it coagulated the pericardial fluid of a horse 
(it may be mentioned that the presence of kinase and calcium salts in it 
would have effected the same result). But no great reliability can be 
placed on determinations of the alkalinity of blood owing to the protein 
in it combining with the alkali and so obscuring any determinations of 
its real value. The essential proof that peptone blood owes its stability 
to an excess of alkali within it rests on a comparison of the effects 
noted on adding alkali to normal blood and those found in experiments 
on peptone blood. The following series of experiments shows this 


comparison. 


The coagulation of dogs’ peptone plasma (Pl. P) by birds’ fibrin ferment. 


Ar Ff. H,O Coag. time 


2 0.0. 20. 0. 8 0. o. 24 minutes. 
7 2 ” 
“4 6 1h „ 
5 5 minute. 
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PLO Ft von (5) HO Coag, time 
2 0. 0. ‘lac g o. c. 8 0.0. 30 minutes. 
2 | 
1 8 1 minute 
9 


By comparing these two experiments it may be seen that tbe 
addition of sodium hydroxide to oxalated dogs’ plasma caused precisely 
the same effects so far as coagulation by fibrin ferment was concerned 
as was shown on the addition of ferment to dogs’ peptone’ plasma. 
The similarity between peptone plasma and plasma to which alkali 
had been added was still more clearly brought out in the following 


experiments. 


alkali were added by fibrin ferment. 


20.0. 10.0. .o. 9e. 14 minutes. 
1 1 8 
‘1 2 7 No coag. in 1 hour. 
2 2 "6 45 minutes (A). 
8 2 5 10 


In the above results the balance between the added alkali and 
fibrin ferment is shown—the greater the quantity of alkali present 
the more fibrin ferment must be added to produce es rns in a 
given time. 


Two tubes containing plasma etc., 6 At the end of five 
minutes the contents of one tube were diluted ten times and the diluted mixture was 
divided into two portions (a), (b). CO, was passed through (a) at once—a granular 
precipitate of globulin and a few filaments of fibrin were produced. Therefore at the end 
of five minutes only a small change of fibrinogen into fibrin had occurred. The second 
portion (b) was allowed to remain at 30° C. for an additional 15 minutes. At the end of 
this time the passage of CO, through it produced an instant production of fibrin although 
no apparent coagulation had previously taken place. OO, was passed through the second 
tube above after ten minutes—en instant coagulum formed. From this it follows that in 
experiment A above the change of fibrinogen into fibrin had taken place in ten minutes 
45 minutes had elapsed. 


Therefore the addition of sodium 8 to plasma affects 
coagulation by fibrin ferment in two ways (1) it delays the action 
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of the ferment on the fibrinogen, and (2) it retains the newly formed 
fibrin in solution. The influence of salts on the retention of newly 
formed fibrin in solution has been previously mentioned. The influence 
of alkali appears to be very marked in this respect. The results of the 
above experiments clearly show the parallelism which exists between 
peptone plasma and oxalate plasma to which alkali has been added, so 
far as coagulation by fibrin ferment is concerned. 

Similar results were obtained when the actions of kinase on peptone 
plasma and plasma to which alkali has been added were compared. It 
has been previously shown that peptone plasma contains a small 
amount of kinase but that some factor in the plasma inhibits the action 
of this kinase. Also that dogs’ peptone plasma coagulates readily on 
adding birds’ kinase to it. The following experiment shows the 
influence of alkali on the coagulation of birds’ plasma by kinase. It is 
obvious that in this case dogs’ oxalate plasma cannot be used, since this 
plasma quickly coagulates on adding calcium chloride to it. 


The influence of sodiwm hydrowide on the coagulation of 
birds’ plasma by kinase. 


Plasma k. NaOH (F) H,O Cong. time 
10.0. 05 0. o. . e. 95 0. 0. 34 minutes. 
1 0 9 3% 
2 0 8 2 ” 
05 05 9 20 „ 
1 05 85 7 ” 
2 05 75 4 „ 
8 0⁵ 65 84 „ 
1 1 8 8 hours. (B). 
2 4 4 100 minutes, (C). 
8 1 6 17 ” 
5 1 . 13 ” 


These three series of experiments show the influence of making 
beer plasma alkaline to the extent of NaOH (320 and NaOH (asc 
on its coagulation by varying quantities of kinase. It may be stated 
that the original plasma was quite stable. The coagulation times with 
varying quantities of alkali and a constant quantity of kinase are 
precisely similar to those obtained with peptone plasma. In fact this 
experiment reflects even more faithfully than the experiments with 
ferment on alkaline plasma the conditions which arise in peptone 
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plasma, since before coagulation can spontaneously occur in this plasma 
ferment must be produced from the prothrombin by the kinase and 
calcium salts within it. Before “coagulation occurred in tubes (B) and 
(O) the condition of the fibrinogen was determined. In the case of (B) 
at the end of thirty minutes CO, was passed through a portion of it— 
coagulation occurred in two minutes. At the end of sixty minutes 
a portion of it was added to an excess of water—no precipitate of fibrin 
was produced. Thus in the case of the mixture in tube (B) neutralisa- 
tion of the alkali after thirty minutes caused coagulation to occur in 
two minutes. But previous to this no formation of fibrin had occurred 
since even after sixty minutes dilution showed an absence of fibrin. 
From this it is evident that in the case of plasma to which alkali has 
been added the main reason for the delay in coagulation on adding 
kinase is the inhibitory action of the alkali on the production of fibrin 
ferment from prothrombin. And this is probably the main reason for 
the maintenance of the fluid state in peptone blood, the influence of 
the alkali on the coagulation of the fibrinogen by the ferment which is 
ultimately formed being of secondary importance to the delay in the 
production of the ferment by the kinase. In the case of experiment (C) 
although coagulation occurred only after a hundred minutes yet the 
passage of CO, through a portion of the liquid after sixty minutes 
produced a coagulum in thirty seconds. | 

From the close analogy which existed between the phenomena 
observed in the coagulation of peptone plasma and the coagulation of 
plasma to which alkali had been added by kinase and by fibrin ferment 
it appeared legitimate to assume that peptone plasma owed its stability 
to the excess of alkali contained in it. The assumption was the more 
justified by the previous experiments showing that there was no excess 
of anti-thrombin present in this plasma. The question naturally arose 
as to the quantity of alkali which must be present in plasma to inhibit 
the formation of ferment and to prevent this ferment when formed from 
coagulating the fibrinogen. Probably the nearest approximation to this 
value is given in the experiments above showing the coagulation of birds’ 
plasma, to which alkali had been added, by varying quantities of kinase. 
In these results it may be seen that 1 c. e. of kinase solution coagulated 
the normal plasma in 24 minutes, but required three hours to coagulate — 


the same plasma to which sodium hydroxide to the extent of a had 
N 


been added. Therefore NaOH (186 may be regarded as a measure of 
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the amount of alkali which must be added to blood when peptone is 
injected into the circulation of a fasting dog. But this alkali does not 
exist in a free state in the plasma, The greater part of it is taken up 
by the proteins present in the blood as the following experiment showing 
the influence of alkali on the coagulation of fibrinogen by fibrin ferment 


proves. 
by fibrin ferment. =: 
(Fe—8) FL v. on () H,O Cong. time 
2 0.0 1e. 0 0. o. 7 0. o. 1 minute. 
1 5 “4 6 minutes. i 
1 7 2 43 „ 


In (D) above after five minutes a portion was diluted with five volumes of water — no 
precipitate occurred but after the lapse of an additional five minutes the whole of the 
diluted fluid had coagulated. C0, was passed through a second portion of (D) after eight 
minutes—an instant coagulum was produced. | 


From the above figures it may be seen that NaOH (saa) produced 


a marked delay in the coagulation of fibrinogen by fibrin ferment. 
From a consideration of the avidity of alkalies for globulin it is 
probable that a part of the added sodium hydroxide combined with the 
fibrinogen and that not more than NaOH (00) remained free in 
solution. Therefore it may be assumed that plasma to which sodium 


hydroxide has been added to the extent of 10 (a quantity of alkali 
sufficient to prevent the coagulation of the plasma by small quantities 
of kinase or fibrin ferment) does not contain more then NaOH (Fea) 


free alkali. This consideration renders it very doubtful whether any 
determinations of the alkalinity of peptone plasma would be sufficiently 
accurate to prove that this plasma was not more alkaline than normal 
plasma. At any rate the very small excess of free alkali required to be 
present would seem to be of little use in preserving the fluidity of 
peptone blood if the results of actual experiments on plasma to which 
alkali had been added in vitro were not at hand to enable comparisons 
to be made. : 
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Peptone immunity. 

The deduction that peptone blood owes its stability to the excess of 
alkali contained within it affords an easy explanation of the speedy 
restoration of the coagulable state when the blood is left in the animal, 
and the so-called peptone immunity results. The blood of an animal 
which has been made incoagulable by the injection of peptone usually 
regains its condition of coagulability about three hours after the 
injection has been made. This restoration of the power of coagulation 


is clearly due to the excretion of the excess of alkali from the blood into 


the tissues or urine. After the blood has become coagulable a second 
injection of peptone within the next 24 hours produces no effect on the 
coagulability of the blood (peptone immunity). Many experimenters 
(notably Delezenne™) have shown that the liver is the chief organ 
concerned in the production of that body, which, under the influence of 
the injected peptone, is excreted into the blood and produces the 
condition of non-coagulability. On the theory at present under 
discussion the intravenous injection of peptone into an animal causes 
the liver to excrete alkali into the blood. The blood in turn gets rid 
of this excess of alkali into the tissues and urine and so regains its 
normal coagulability. A second injection of peptone now finds the 
liver without any excess of alkali stored up in it. Consequently no 
more can be excreted into the blood, and no change in coagulability 
results. The lapse of 24 hours permits the liver to regain its normal 
quantity of alkali and so the peptone immunity passes off in this time. 


It is evident that if peptone blood owed its stability to a body such as 


anti-thrombin the phenomena observed in peptone immunity would be 
unique. Briefly stated then—the close analogy between the properties 
of peptone plasma and plasma to which alkali has been added justifies 
the assumption that peptone blood owes its stability to the excess of 
alkali contained within it. The very small amount of free alkali which 
requires to be present vitiates any argument which may be brought 
against this hypothesis on the ground that peptone blood is not more 
alkaline than normal blood. The speedy restoration of coagulability to 
peptone blood in vivo is due to the excretion of the excess of alkali into 
the urine and tissues, and peptone immunity is due to the absence from 
the liver of that alkali which the first peptone injection caused it to 
pour into the blood. The termination of peptone immunity depends 
upon the accession to the liver of a further supply of alkali similar to 


~ that which it previously excreted under the peptone stimulus. 
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Hirupin. (LEECH EXTRACT.) 


In 1882, Haykraft discovered that leech extract inhibited the 
coagulation of blood. Haykraft® considered that the active principle 
was an anti-ferment. But at that time the present theory of the 
coagulation of blood had not been put forward and it was necessary 
to reinvestigate the subject in the light of this theory. Morawitz™ 
considered the question from this point of view and also came to the 
conclusion that the active principle of leech extract was an anti-fibrin- 
ferment. In the following pages the actions of hirudin—the active 
principle of leech extract—on plasma, fibrinogen, fibrin ferment, and 
kinase. are considered. | 

Hirudin was injected into the jugular vein of an anaesthetised 
rabbit and blood was obtained from the carotid artery. Non-coagulable 
plasma was obtained by centrifuging this blood. A small quantity of 
the blood was diluted with an equal volume of distilled water. This 
portion clotted after an hour—thus confirming an observation of 
Pekelharing d. 


Coagulation of hirudin plasma by kinase. 

40 Cc. of plasma were diluted to 100c.c. with distilled water. No 
precipitation or change took place in the plasma. The influence of 
varying amounts of kinase and hirudin on the coagulation of this 
plasma was determined. 


Plasma (X) H,O Coag. time 
(A) 2 0. 0. 1 0. 0. o. 70 minutes. 
2 8 16. „ 
3 7 6 „ 
4 6 „. 
5 5 83 „ 


The above figures give the coagulation times of the original hirudinised plasma on 
adding kinase to it. To the remainder of the plasma varying amounts of hirudin were 
added and the coagulation times on adding kinase were again determined. 


-08 ½ hirudin - H. 
Plasma 1. 0 (H.) 
(B) 20.0. e. % 1 0.0. 
5 
8 4 
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Plasma (K.) . 1 Coag. time 
0 2 0.0. 4.0. 40. 0 2 0.0. 9 minutes. 
5 8 54 ” 
6 2 4 ” 
0 
* 2 4 8 8 11 1 
5 2 7 
6 ‘1 5 
7 0 3 ” 
(E) 2 4 2 4 15 ” 
5 1 9 ‘id 
6 0 ” 
(F) 2 5 0 5 12 be 


In the series of experiments (A)—(F) the hirudin present in the 
plasma was increased uniformly by ‘1c.c. of 03°/, hirudin to each 2c.c. 
of plasma. From a comparison of the coagulation times of these 
specimens of plasma with varying amounts of kinase it seemed possible 
that a clue to the nature of hirudin might be obtained. Since the. 
coagulation curves obtained on varying the amounts of kinase have 
no regular form an accurate comparison could only ‘be obtained by 
determining how much kinase coagulated the various portions of 
hirudinised plasma in equal times. The following table gives this 


comparison. 
— 
A Original plasma 2 0.0. + 
C O. Pl+ 2 oc. H *4 0.6, — 
D O. Pl+ Bec. H *4 6.0. 
E O. Pl+*40.c. H 40.0. + 
F O. Pl+ 5 c.c. H 8 c. o. 


In all the above experiments the approximate time of coagulation 
was twelve minutes. The + sign indicates that from the series of 
experiments shown a little more than the indicated amount of kinase 
was required to produce coagulation in twelve minutes; and the — sign 
that a little less kinase was required. The conclusion drawn from the 
above table was that hirudin was an anti-kinase. Every addition 
of ‘lec. of 03 / hirudin to 2c.c. of plasma required the addition of 
about 05c.c. of kinase to produce coagulation in the same time in 

* __ fact the kinase solution was just twice as potent as the hirudin solution 
as determined by their respective capacities to coagulate or prevent the 
* goagulation of plasma. Such a conception of the nature of kinase 
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would agree with the obvious function of hirudin. The initial cause 
of the coagulation of blood is the excretion of kinase into it from some 
injured tissue. If then hirudin contained an anti-kinase, the kinase 
liberated from the tissues bitten by the leech would be neutralised and 
so coagulation of the withdrawn blood would not occur. But it is clear 
that if hirudin contained anti-kinase only, then it should have no effect 
on the coagulation of fibrinogen by fibrin ferment. The following 
experiments show the effect of hirudin on the coagulation of fibrinogen 
by fibrin ferment. 


by fibrin ferment. 


05 9% hirudin = H. 


I. No hirudin. 
(Fg—S) Ff. H,O H. Cong. time 
2 0.0. “lec. 9 c.c. 0 o. 3 minutes. 
2 8 11 „ 
3 7 1 minute. 
II. 1 of hirudin. 
2 1 8 1 90 minutes. 
2 7 17 
3 6 8 50 
III. 2 hirudin. 
2 1 7 2 Partially in 16 hours. 
2 6 120 minutes. 
3 5 
IV. 8 o. e. hirudin. 
2 1 6 8 Partially in 16 hours. 
2 5 180 minutes. 
8 4 120 „ 


An analysis of the above results showed that the amounts of fibrin 
ferment required to coagulate the fibrinogen solutions to which varying 
amounts of hirudin had been added in two hours were: 


I. No hirudin. About 01 c. c. ferment. 
IL Ice. hirudin. About 1 cc. * 
III. 2 c. hirndin. About 2 Cc. 1 
IV. 3 cc. hirudin. About 3 c. c. * 


The conclusion drawn from these figures was that hirudin contained an : 
anti-fibrin-ferment. They showed that hirudin affected other factors 


concerned in the coagulation of blood beyond the kinase. But that 


the hirudin did not neutralise the ferment according to the law of : 
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chemical equivalents was clear from the figures showing the times of 
coagulation of fibrinogen to which 1 Cie. of hirudin had been added. 
From the general consideration of the results above it appeared that 
‘lec. of hirudin was equivalent to 1 0.0. of ferment. But in table II, 
we see that even with 8c.c. of ferment the addition of ‘1 cc. of hirudin 
extended the time of coagulation to eight minutes. If the 1 0. of 
hirudin neutralised only 1 c.. of ferment the coagulation time should 
have been 14 minutes. Similar results may be seen on examining 
tables IIT and IV. | 7 


The adsorption of hirudin by fibrinogen. 

There was a further possibility that the action of the hirudin was 
not exerted on the kinase or ferment but, upon the fibrinogen. This 
idea was put forward by Bodong™, but has not yet been confirmed. 
Such a conception would explain the apparent anti-kinase and anti- 
fibrin-ferment nature of hirudin since its effect would be exerted on the 
ultimate cause of coagulation—the fibrinogen. To determine whether 
hirudin exerted its action on fibrinogen rather than on fibrin ferment 
or kinase the following experiment was done. 


The activity of the fibrin ferment. 


yt. N. 0 Coag. time 
2 c.c. 10. o. 9 o. o. Iz minutes. 
2 1 minute. 


20.0. of this ferment and 2 e. c. of a 1% solution of hirudin were added simultaneously 
to the fibrinogen solution thus: 


(Fg—8) Ff. H. 8 1.0 Coag. time 
20. o. 20.0. 6 0. 40 minutes. 


This coagulation time was contrasted with the time taken by the 
same quantity of ferment to coagulate the same fibrinogen to which 
the hirudin had been added ten minutes previously. In this experiment 
the time of coagulation was ten minutes only. From this result it was 
clear that the preliminary incubation of the hirudin with-the fibrinogen 
protected the subsequently added fibrin ferment from its action—in fact 
so far as the fibrin ferment was concerned the fibrinogen removed the 
hirudin from its sphere of action. This result was fully confirmed by 
adding the hirudin directly to the ferment solution and allowing the 
mixture to incubate at 30°C. for deen minutes n testing its 
activity on a fibrinogen solution. 
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The following mixture of ferment and hirudin was made: 
1 0.0. Ff. + 2 0.0. H. Ff. H. 
After fifteen minutes the ferment activity of this mixture was estimated. 


(Fe—8) PY. H. 
(X) 2 0. o. 10.0. 9 e. o. 15 minutes. 
2 8 ey 


“4 6 5 


The simultaneous addition of ferment and hirudin to a fibrinogen 
solution in the same quantities as in experiment (X) above produced 
coagulation in two minutes. Therefore from these experiments it was 
evident that fibrinogen removed hirudin from the sphere of action of 
fibrin ferment, this action of the fibrinogen obscuring the anti-fibrin- 
ferment contained in the hirudin when the hirudin and ferment were 
simultaneously added to a fibrinogen solution, This result was dia- 
metrically opposite to that stated by Bodong as to the anti-coagulant 
action of leech extract. He stated that the delay in the coagulation of 
blood caused by adding hirudin to it was due to the hirudin altering 
the fibrinogen and so making it more resistant to the coagulation 
process, 


The influence of hirudin on the generation of fibrin 


From the above experiments showing the influence of hirudin 
on the coagulation of fibrinogen by fibrin ferment it appeared probable 
that the apparent anti-kinase action of this substance shown in the 
experiments on hirudinised rabbits’ plasma was due to the anti- 
ferment contained in it. But such a conclusion was opposed to the 
experimental results obtained when determining the properties and 
functions of anti-fibrin-ferment contained in normal blood. It has 
been repeatedly pointed out that this nornial anti-ferment is incapable 
of preventing coagulation in the presence of kinase. If then the anti- 
coagulant properties of hirudin were solely due to the anti-fibrin- 
ferment contained in it the properties of this anti-ferment would need 
to be very different to those of the anti-ferment contained in normal 
blood. A series of experiments were therefore made to determine 
whether hirudin contained an anti-kinase. In these experiments the 
influence of hirudin on the generation of fibrin ferment from pro- 
thrombin by kinase in the presence of calcium salts was determined. 
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Four solutions containing the same quantity of prothrombin but varying amounts of 
kinase and hirudin were made up and the activities of the resultant solutions determined 


after various times. 
I Kinase and CaCl, (5) atone. 
Pro. * cach ( H,0 
2 c. o. 1 ec. c.c. 7 o. — A. 
(Fe—8) A H,O Coag. time Tested after 
2 0.0. 1 c.c. Ne. e. 1 minute 15 minutes. 
II. Hirudin: Kinase :: 1: 1. 
Pro. n. H,O 
2 e. 0. ‘1 e.c, 2 0.0. "6 e. — B. 
(Fg—8) B H,O Coag. time Tested after 8 
20.0. 1 e. c. 9e. o. 2 minutes 15 minutes. 
III. Hirudin: Kinase :: 2: 1 
Pro, i. K. cack, H,O 
2 0.0. "2 c.c. 1 2 5 0.0, — O. 
(Pe—8) 0 H,O Coag. time Tested after 
20.0. 1 e. o. 9 o. o. 120 minutes 15 minutes. 
55 ” 30 * 
30 45 ” 
20 55 60 ” 
15 55 150 ” 
270 55 
IV. Hirudin: Kinase :: 2: 2. 
Pro. K. cach H,O 
20. 0. 22.0. 20. o. 20. o 4.0. = D. 
(Fge—8) D H,O Coag. time Tested after 
2 c.c. 1 c.c 9 c. o 35 minutes 15 minutes. 
15 30 ” 
10 „ 45 — 
7 57 120 ” 
V. Hirudin: Kinase :: 2: 3. 
Pro. u. K. cach, (ij) H,0 
2e0. . 2 c.c, 8 0. 0. 20.0. 8 0. = E. 
(Fe—8) E H,O Cong. time Tested after 
20.0. 1 0.0. 9 . o. 10 minutes 15 minutes. 
6. 
3 5 45 ” 
* 
4 


From these results it was evident that hirudin contained a very 
energetic anti-body for kinase. The difficulties of an exact estimate 
of the quantity of anti-kinase contained in the hirudin were increased 
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by the fact that this substance also contains an anti- ferment so that 
the first formed ferment was neutralised. In experiment I, the amount 
of hirudin was too small to diminish to any marked. degree the kinase 
and ferment. But in experiments II, III, IV, V, the action of the 
hirudin on the kinase and subsequently produced ferment caused the 
rate of production of an excess of ferment to be very slow and 
consequently the times of coagulation were correspondingly influenced. 
But that the main delay in all the above experiments was due to the 
anti-kinase action of the hirudin rather than to the anti-ferment 
contained in it may be seen from the rates of generation of ferment 
activity in experiments III, IV and V. In these experiments the 
amount of hirudin was constant, the kinase only being varied. There- 
fore the same amounts of ferment were neutralised in every case by the 
hirudin anti-ferment and the varying rates of production of fibrin 
ferment from the prothrombin depended only on the amount of kinase 
in excess of the anti-kinase contained in the hirudin. The following 
results show the comparatively small part played by the hirudin anti- 
ferment in the delay in the generation of ferment activity in this 
prothrombin solution. 


The ferment was generated in the prothrombin solution by kinase and calcium chloride 
thus : 


2 0. o. 10.0. 20.0. 7e. o. = Ft. 
_ After 20 minutes 2 c.c. of H. were added to the above solution. After an hour the 
activity of this hirudinised solution was such that it coagulated 8 0.0. of fibrinogen in 


24 minutes, i.e. the solution still contained a large amount of fibrin ferment in excess of 
the anti-ferment contained in the hirudin. 


The results of all the above experiments prove that leech extract 
owes its anti-coagulating properties to two principles—an anti-kinase 
and an anti-ferment. Of these two principles the anti-kinase is the 
more potent and is probably more concerned in the preservation of the 
fluidity of blood to which hirudin has been added. But the large 
quantity of anti-ferment present in hirudin indicates that it also plays 
a part in the anti-coagulant action. The adsorption of hirudin by 
fibrinogen and the consequent removal of this hirudin from the action 
of ferment or kinase subsequently added is similar to the * 
observed with fibrinogen and cobra venom. 
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ConcLuUDING REMARKS. 


All the experiments made to analyse the phenomena observed in 
the coagulation of blood have received an adequate explanation on the 
Morawitz-Fuld theory : that the coagulation of blood is ultimately due 
to the action of fibrin ferment on fibrinogen, and that this fibrin 
ferment does not circulate in the blood but is generated from pro- 
thrombin by the combined action of kinase and calcium salts. 

But in the past few years papers have been published by Nolf™ in 
which he has advanced a theory of the coagulation of blood of a nature 
somewhat similar to that previously put forward by Wooldridge and 
essentially different to that stated above. This theory, briefly stated, 
is that the coagulation of blood is due to the union of three colloids— 
leucothrombin, hepatothrombin and fibrinogen’. Leucothrombin is a 
proteolytic ferment derived from the leucocytes: hepatothrombin and 
fibrinogen are proteins derived from the liver. In vertebrates fibrin 
ferment plays no part in the coagulation process except that it may be 
produced when fibrin is formed. Also calcium salts are not essential 
but merely act as zymoplastic substances, ie. assist coagulation. 

The essential difference between this theory and that of Morawitz 
is that in the former theory fibrin ferment is of no importance whilst in 
the latter it is absolutely necessary to the coagulation process. The 
question then arises whether fibrin ferment is or is not an important 
factor in coagulation. Many experiments detailed in my previous paper 
were concerned with the properties of fibrin ferment and fibrinogen 
and with the ability of the properties observed to elucidate the mechanism 
of the coagulation of blood; and all the experiments given in this paper 
have been made on assumption that the Moraw itz-Fuld theory of blood 
coagulation is essentially accurate. The capacity of this theory to 
explain all the phenomena observed affords very strong evidence of its 
truth. It is in the highest degree improbable that fibrin ferment which 
can be produced from blood in such a quantity that the amount gene- 
rated from a definite volume of blood is able to coagulate thirty times 
that quantity of blood in less than a minute at 30°C. is a subsidiary 
factor in blood coagulation. The reason why fibrin ferment is practically 
absent from serum has been previously explained and it is only necessary 
to say that blood plasma contains a very considerable quantity of anti- 
fibrin-ferment which neutralises free fibrin ferment. No indication has 


These three colloids are also called thrombozyme, thrombogéne and fibrinogéne. 
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been observed in the coagulation of birds’ plasma or fibrinogen that a 
proteolytic ferment is concerned in the process. Such a proteolytic 
ferment would manifest its presence by the occurrence of fibrinolysis of 
the clot. No such fibrinolysis occurs in coagula produced from stable 
birds’ plasma or fibrinogen prepared from such plasma. Certainly 
fibrinolysis occurs in fibrinogen prepared from oxalated horse plasma. 
But in this plasma there has always been a breakdown of leucocytes 
and the occurrence of a powerful proteolytic ferment in leucocytes has 
long been recognised. The association of this ferment with the pre- 
cipitated fibrinogen illustrates the property of proteolytic ferments in 
general to attach themselves to the substances on which they act. Also 
the fibrinolysis observed in coagula prepared from horse fibrinogen is 
largely due to the comparative solubility of this fibrin when first formed. 
The presence of an excess of salts may exert so powerful a solvent action 
on the first formed fibrin that the transference of fibrinogen into fibrin 
may not be evidenced by the appearance of a coagulum. The function 
of calcium in the blood coagulation process has been fully dealt with 
and need not be further discussed. Although Nolf considers that 
fibrin ferment is a secondary factor in blood coagulation yet he states 
that anti-fibrin-ferment occurs in peptone blood. It is difficult to 
appreciate the necessity for this substance on his theory of blood coagu- 
lation. Finally it may be stated that all Nolf’s experimental results 
can be adequately explained on the Morawitz-Fuld theory of blood 
coagulation. But it would be difficult on Nolf's theory to account for 
the gradual production from a prothrombin solution of a substance 
which can coagulate blood in a few seconds, the rate of production of 
which may be controlled by adding varying quantities of tissue extract 
or calcium salts. 

The substances whose properties have been examined in this paper 
afford an admirable illustration of the ways in which the coagulation of 
blood may be prevented or delayed. Briefly stated negative phase 
blood owes its fluidity to the absence of fibrinogen; cobra blood to 
the presence of an anti-kinase; peptone blood to the presence of an 
excess of alkali; and hirudin blood to the presence of an anti-kinase 
and an anti-ferment. | 

No experiments have been made on the one blood of clinical im- 
portance—the blood of a person suffering from haemophilia. Apparently 
the blood of such a person always coagulates. It therefore contains 
fibrinogen and prothrombin. The slow onset of coagulation in such 
blood may be due to: (a) the occurrence in it of a small quantity of | 
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fibrinogen and a corresponding small quantity of prothrombin; or (b) a 
relative stability of the tissues so that kinase is only slowly liberated ; 
or (e) the presence in it of an excess of alkali as in peptone blood. From 
a purely hypothetical point of view it is probable that haemophilic blood 
owes its stability to its alkalinity in the same way as peptone blood. 
It is also probable that birds’ blood owes its comparative stability to its 
alkaline property. This alkaline property exerts its influence in several 
ways: it depresses the formation of ferment from prothrombin; it 
inhibits the action of the fermunt on the fibrinogen; and it assists in 
the preservation of the corpuscles and so prevents the liberation of 
kinase. The plasma prepared from a bird is very alkaline compared 
with that obtained from a horse. In the latter case a ten fold dilution 
with distilled water produces a copious precipitate of globulin but in 
the former case such a procedure produces no trace of precipitate and a 
fair quantity of acetic acid must be added before precipitation occurs. 
In the case of plasma prepared from a goose the alkalinity played an 
obvious part in the preservation of the fluid state. The plasma did not 
coagulate in ten days but the fibrinogen prepared from the plasma 
coagulated spontaneously in two hours. Also the properties of peptone 
plasma are similar in many respects to those of birds’ plasma, the main 
difference being that in the former case more kinase is usually. present 
than in the latter case and correspondingly the excess of alkali needs to 
be greater to preserve the fluidity. If the blood of people suffering 
from haemophilia owes its stability to the same causes which operate in 
birds’ blood, and generally in the blood of animals containing nucleated 
red blood corpuscles, the cases show an interesting reversion to type. 

But whatever the ultimate cause of the stability of haemophilic 
blood may be, there is no doubt about the treatment which should be 
adopted to coagulate such blood. The coagulation of blood is due to 
the action of fibrin ferment on fibrinogen. Haemophilic blood contains 
fibrinogen. Therefore in order to coagulate it fibrin ferment should be 
applied. There are many arguments why tissue extracts (kinase) should 
not be used, the most important of which is that the injudicious use of 
kinase may lead to the formation of an extensive intravascular throm- 
bosis. The small quantities of viper venom required to produce 
intravascular coagulation afford strong evidence of the dangers which 
may arise from the use of tissue extracts as a styptic. But with fibrin 
ferment the danger of intravascular coagulation is negligible owing to 
the presence in the blood of a large quantity of anti-fibrin-ferment 
which quickly neutralises free fibrin ferment. The safety of fibrin 
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ferment as a styptic is clear from the extreme difficulty of producing, 
intravascular coagulation in an animal by the intravenous injection of 
fibrin ferment. A quantity of birds’ fibrin ferment sufficient to coagulate 
two litres of blood in less than a minute was injected into an anaes- 
thetised cat. After the injection the blood of the animal only showed 
a well marked positive phase of blood coagulation. In addition to the 
safety of fibrin ferment as a styptic its use may be recommended since 
a fairly strong solution of ferment produces coagulation in a few 
seconds. 

The snake venoms used in the experiments described in this paper 
were given to me by Dr C. J. Martin. I wish to record my thanks to 
him for his generous gift. 

The expenses of the research were partially defrayed by a grant from 
the Government Grant Committee of the Royal Society. 


SUMMARY. 


(1) The venoms of an Australian viper (Notechis scutatus) and an 
Indian viper (Zchis carinata) contain principles which generate fibrin 
ferment from prothrombin. They therefore coagulate any fibrinogen 
solution to which they may be added. Consequently their active 
principles are physiologically equivalent to a mixture of tissue kinase 
and calcium salt and by analogy may be assumed to consist of substances 
containing kinase and calcium salt in union with one another. But 
owing to the paradoxical influence of potassium oxalate on these venoms 
(this salt largely increases their coagulating activities) the hypothesis is 
advanced that the active blood coagulating agents contained in them 
consist of pure kinase and that the calcium salt necessary to work in 
conjunction with this kinase is present in the prothrombin or fibrinogen 
solution adsorbed by the protein. 

(2) The rapid injection of small quantities of these venoms into 
the vascular system of an animal results in extensive intravascular 
coagulation. This intravascular coagulation is due to the rapid pro- 
duction of fibrin ferment by the kinase contained in the injected venom - 
and the consequent rapid production of fibrin. 

(3) The slow injection of small quantities of these venoms results 
in the production of fluid blood (negative phase blood). Venom slowly 
injected causes a slow production of ferment and a correspondingly slow 
production of fibrin. The blood and tissue cells generally are capable 
of dealing with a slow formation of fibrin and consequently general 
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coagulation does not result. Negative phase blood owes its stability to 
the absence of fibrinogen. The disappearance of the negative phase 
is due to the restoration of fibrinogen to it. 

(4) Cobra venom prevents the coagulation of blood by means of an 
anti-kinase. This anti-kinase is rapidly adsorbed by fibrinogen so that 
a preliminary incubation of the venom with a fibrinogen solution 
diminishes the capacity of the venom to neutralise any kinase 


subsequently added. Cobra venom does not contain an anti-fibrin- 


ferment. 

(5) Peptone blood coagulates on adding to it birds’ fibrin ferment, 
kinase, or an adequate quantity of fibrinogen. It does not contain a 
greater quantity of anti-fibrin-ferment.than normal blood derived from 
the same animal. The similarity between the properties of peptone 
blood and blood to which alkali has been added indicates that the 
stability of peptone blood is due to the excretion of an excess of alkali 
into it by the liver under the influence of the injected peptone stimulus. 
On this theory the renewed capacity of peptone blood, left in the 
animal, to coagulate is due to the excretion of the excess of alkali from 
it into the urine and tissues; and peptone immunity is caused by the 
temporary disappearance from the liver of the excess of alkali which it 
excreted into the blood under the toxic peptone stimulus. 

(6) Hirudin contains both an anti-kinase and an anti-fibrin-ferment. 
The former substance appears to be the more largely concerned in the 
preservation of the fluid state of hirudin blood. Hirudin is adsorbed 
by fibrinogen and so removed from the action of subsequently added 
ferment or kinase in a way similar to that exercised by fibrinogen on 
cobra venom. | 
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ON DEGENERATIVE CHANGES IN THE NERVE 
ENDINGS IN STRIATED MUSCLE, IN THE NERVE 
PLEXUS ON ARTERIES, AND IN THE NERVE 
FIBRES OF THE FROG. By J. N. LANGLEY,FRS. 


Professor of Physiology in the University of Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


AT intervals during the past four years I have made observations upon 
the histological effects in the frog of section of peripheral nerves. Some 
of the results have already been published. I propose here to give a 
fuller account of them. In referring to the work of other observers 
I confine myself for the most part to observations made on the frog. 


CHANGES IN NERVE ENDINGS IN SKELETAL MUSCLE. 


Degenerative changes in the nerve endings in gold chloride stained 
specimens of frog’s muscles were described by Sokolow' in 1874 A 
summary of his results I have given in an earlier paper“ in which 
I gave an account of results obtained by myself by the methylene 
blue method. I found that about three weeks after nerve section the 
hypolemmal fibres showed deeply stained particles on a faintly stained 
basis, and that in about six weeks no trace of nerve endings was to be 
seen. In the main the results agreed with those of Sokolow, the 
chief difference being that he found a wide difference in the rate of 
change in different nerve endings in the same muscle. 

Cipollone“ in 1897 examined the nerve endings of the gastrocnemius 
muscle of the frog up to 175 days after section of the sciatic. The 
muscles were treated by the gold chloride method. He found, like 
Sokolow, a formation of deeply staining particles, and later a dis- 

1 Sokolow. Archives de Physiol. p. 800. 1874. 

* Langley. Proc. Roy. Soc. B, uxxvmt. p. 178. 1906. 


* Cipollone. Recerche s. Anat. norm. e. path. d. Terminazioni nervosi nei muscoli 
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appearance of these. His results differ from Sokolow’s, and from my 
own (methylene blue method) in that he found the granular break 
down to occur in about two days, and a complete absence of staining of 
the hypolemmal fibres in about 12 days. He quotes Sandulli as 
stating that the nerve endings ceased to stain by Léwit’s method after 


10 days. The original paper of Sandulli I have not been able to 


obtain. 


Since my first account I have examined the nerve endings by the 
methylene blue method at various times after section of the motor 
nerve. The observations were made concurrently with the observations 
on the reaction of the denervated muscles to nicotine, which have 
already been published'. The following table gives the muscle examined 
and the time allowed for degeneration. The numbering of the experi- 
ments is that used in the Paper just referred to; and allows a comparison 
with the physiological results, 


Exp. Muscle examined. 

Sartorius. 
Sub-maxillary and sub-mental. 
Sub-maxillary and sub-mental. 
Sartorius. 

Sartorius. 

Pectoral cutaneous. 

Pectoral cutaneous. 


In each case the corresponding muscle of the intact side was treated 
with methylene blue in the same way as that of the side on which the 
nerve was cut. In the former, normal nerve endings were in all cases 
seen. In the latter there were faint indications of nerve endings in 
Exp. 1 (sartorius, 26 days), and some faint granules which may have 


SSS 88 


remains of nerve endings in Exp. 2 (sub-maxillary and sub-mental 


28 days), but no trace of nerve endings was visible in any of the other 
denervated muscles. 

The time after nerve section at which the nerve endings of the 
sartorius ceased to stain with methylene blue was rather less (36 days) 
than in my earlier experiments, but the progress of the stain was less 
continuously observed in the later than in the earlier experiments, and 
the difference in result may have been due to this. The nerve endings 
in the sub-maxillary muscle (arising from a plexus of fine fibrils) 
appear to lose their staining power with methylene blue earlier than 
those of the sartorius. 17 77 

1 Langley. This Journal, XXVII. p. 285. 1908. 
PH. XXXVIIL. | 34 
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Observations by the methylene blue method have also been made 
by Hofmann and Blass’. They found that 40 and 60 days after nerve 
section, no nerve endings were visible. 

Numerous similar results have been obtained on the nerve endings 
of other vertebrates, and it may be taken as certain that the hypolemmal 
fibres break up to form a granular strand, a considerable part of which 
is absorbed. The results tend to show that absorption is complete, but 
better methods might divulge the persistence of some material not 
staining with methylene blue or with gold chloride, and we might 
expect something corresponding to the axial band of the fibres in the 
nerve trunk to be eventually formed. We may however I think safely 
conclude that whatever may remain is without function as regards the 
muscle. 


CHANGES N THE NERVE PLEXUS ON ARTERIES. 
The sartorius muscle is constantly supplied by two small arteries’, 


the chief one from the sciatic artery entering with the nerve, the smaller 


one from the femoral artery, entering near the pelvic end of the muscle. 
Thus on section of the nervus descendens communis, the vaso-motor 


_ fibres for the latter would be left intact, whilst probably all or nearly all 


of those for the chief artery would be severed, and in this case a 
comparison can be made between the vascular nerve plexus with cut 
and uncut nerves in the same muscle. The nerve plexus on the upper 
artery and its branches and on the principal branches of the chief 
artery readily and constantly stain on moistening the muscle with 
methylene blue 06 p.c. in the manner which constantly brings out the 
superficial nerve endings, but there is great variation in the staining of 
the nerve plexus on the finer arterial branches, and on the trunk of ond 
chief artery. 

In my earlier observations (1906) the nervus descendens communis 
was cut. I found that the nerve fibrils on the branches of the main 
artery were patchily stained after 14 days, and that after six weeks 
they had more or less completely disappeared, but that the plexus on 
the upper artery (like that on both arteries in the normal muscle) 
stained in the usual way. In one case, 50 days after nerve section, 
there were one or two normal fibrils on a small vessel near the lower 
tendon (apparently arising from the art. genu. med. sup.) and in another 


* Hofmann u. Blass. Arch. f. d. ges. ~~ oxxv. p. 187. 1908. 
k. Gaupp. Anat. d. Frosches 
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case, 55 days after denervation, there were one or two normal fibrils on 
one of the branches of the main artery. 

The results I take to show: (a) that the vaso-motor nerves supplying 
the upper artery do not arise from the nervus descendens communis ; 
(b) that the vaso-motor nerves supplying the main artery run mainly, 
and sometimes wholly, in the nervus descendens communis and 
degenerate after section of the nerve’; (e) that one or two fibres 
supplying the main artery may either run with the femoral artery or in 
the sciatic below the origin of the nervus descendens communis or take 
both courses. 


Since the vaso-motor nerves arise from the sympathetic ganglia, degeneration can only 


be complete when the section is made peripherally of all the ganglia. The sympathetic 
cells-are apt to spread down the course of the nerve bundles, hence it is advisable to tease 
out the severed nerve trunk in order to be certain that there are no nerve cells in it. In 
one case (many years ago) I found a few sympathetic cells in the sciatic in the upper region 
of the thigh. | 

I mentioned the difference in the behaviour of the two arteries in a 
communication to the 7th International Congress of Physiologists. In 
my later experiments the sciatic as well as the nervus descendens com- 
munis was cut at the level of the pyriform muscle. The observation of the 
sartorius was made 29, 36 and 43 days after nerve section. In each case 
there was no nerve plexus on the main artery or its branches, and the 
plexus was normal on the upper artery. The result tends to show that 
the one or two normal fibres which may run to the main artery by some 
other course than the nervus descendens communis run in the sciatic, 
but the experiments are too few to exclude the possibility of vaso-motor 
fibres running direct by the sciatic artery. 

About the same time that my observations were made, and inde- 
pendently of them, Hofmann found degeneration of the peripheral 
vascular nerve plexus after nerve section, and this result has been more 
fully worked out at his suggestion byMax Eugling*» Max Eugling has 
examined the arteries of the foot and of the skin of the leg, and also those 
of the sartorius muscle at various times after section of the sciatic or of 
the lower spinal nerves. He finds that the vascular nerve plexus first 
stains less, and then disappears more or less completely, thus leaving 
isolated the small cells of the plexus which were taken by Bethe to be 
of nervous nature. Commonly there were a few undegenerated fibrils 


1 On teasing out the nerve treated with osmic acid, a small bundle of sympathetic 


fibres can be readily distinguished (cf. p. 511). 
* Max Engling. Arch. . d. ges. Physiol. cxxt. p. 275. 1908. 
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present, which it is practically certain arose from uncut nerves. He 
confirms my statement of the difference of behaviour of the nerve plexus 
on the upper and on the main artery of the sartorius muscle. 

It is then I think certain that section of the nerves supplying any 
given artery of the skin or muscles of the frog causes degeneration of 
the whole peripheral nervous structures. 


There can I think be no doubt that if the vascular nerve plexus degenerates after nerve 
section in any one vertebrate, it degenerates in corresponding cireumstances in all verte- 
brates. The earliest observations I am acquainted with on the degeneration of the nerve 
plexus in unstriated muscle were made by Fleteher' on the retractor penis of the hedge- 
hog. He out the pudie nerve and excised the Ist pelvic ganglion. The muscle was 
unfortunately too thick for satisiactory staining with methylene blue, but in five experi- 
ments, he obtained portions showing the “ inter-cellular network ” on the intact side, and 
none on the cut side. Max Eugling? has recently given clear evidence of Wallerian 
degeneration in the nerve plexus of the central artery of the rabbit’s ear. Lapinsky* has 
also described degeneration of vaso-motor fibres in the dog’s foot after section of the sciatic 
nerve, but the long period found by him to be necessary for degeneration seems to me to 
show that he was observing the changes in the sheath of the nerve fibres and not those in 
the conducting axis. 


There is one experimental observation adduced in favour of Bethe’s 
theory that the peripheral cells occurring on the vascular plexus are 
nerve cells, that they are on the course of the nerve fibrils, and that they 
protect the fibrils from degeneration. Prentice‘, after section of the 
palatine nerve in the frog, found degeneration of the sensory nerves of 
the palate, but not of the peri-vascular nor of the sub-epithelial nerve 
plexus. In consequence he supports Bethe's theory. Prentice how- 
ever has overlooked the fact that the palatine nerve has numerous 
small ganglia on its course, These ganglia were described by Stirling 
and Macdonald’, and there is no difficulty in seeing them. I take 
them to be cranial autonomic ganglia on the course of the facial nerve 
(pars intermedia) of the same type as those on the course of the glosso- 
pharyngeal and vagus nerves and probably corresponding to the 
spheno-palatine ganglion of mammals. Prentice cut the palatine 


nerve centrally of these ganglia, so that the fibres arising from them 
would of course remain undegenerated. 


1 Fletcher. Proc. Physiol. Soc. Feb. 12, 1808. (This Journal, xx.) 

* Max Eugling. Op. cit, supra. 

* Lapinsky. Virchow's Archiv, ouxxxm. p. 1. 1906. 

* Prentice. Journ. of Comp. Neurol. xrv. p. 98. 1904. 

Stirling and Macdonald. Journ. of Anat. and Physiol. XVII. p. 298. 1883, 
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The palatine nerve at its exit from the skull consists of two nerve tranks. 
de Watteville’ described the larger one as belonging to the trigeminal nerve, and 
the smaller one as belonging to the facial. Gaupp“ rejects this view and regards the 
whole nerve as part of the facial. I find that the great majority of the ganglia are 
obvionsly on the course of the smaller nerve, and probably they all are; so that fanction- 
ally we may distinguish sensory fibres arising from the trigeminal nerve and autonomic 
vaso-motor and glandular fibres arising from the intermediate nerve, a distinction which 
supports de Watteville’s conclusion. It may be mentioned that the figure given by 
Gaupp (Fig. 39) of the main branches and connections of the palatine nerve differs 
materially from the arrangement which has been present in all the frogs (Rana temp.) 
which I have examined. 


CHANGES IN THE CUT NERVES AND THEIR BRANCHES, 


The cut nerves and one or two muscles supplied by them were 
placed in osmic acid, and later teased out and examined under the micro- 
scope. In some cases the corresponding muscles of the two sides were 
treated with methylene blue and the staining of the intra-muscular 
branches noted. In most cases the nerve cut was the nervus descendens 
communis. The series was much more complete than that of the nerve 
endings, since animals which died could be utilized. After section of the 
nerve, observations were made at a few days’ interval from 8 to 38 days, 
and at 50, 55, 57, 58 days. The other nerves cut and the time allowed 
for degeneration (26 to 100 days) are for the most part given in my 
Paper on the effect of nicotine on the degenerated muscle’. 

The chief point I wished to determine was the rate of breaking 
down and absorption of the myelin in the different parts of the cut 
nerve. 

Bidder‘ described the state of the sciatic nerve in a frog in which 
the lower spinal nerve roots had been cut five months previously. He 
found that the altered nerve fibres in the trunk showed various stages 
of degeneration though the great majority were pale granulcz fibres 
with fat globules. 

Krause“ found that the degenerative process in the frog was first 
seen in the nerve fibres which run singly in the muscle, then in the 
nerve branch supplying the muscle, and lastly in the nerve trunk. He 
concluded that the “fatty degeneration” spreads from the periphery to 


1 de Watteville. Journ. Anat. and Physiol. rx. p. 145. 
*Gaupp. Anat. des Frosches, Ste Auf. Abt. rm. p. 145. 

* This Journal, xxxvm. p. 286. 1908. 

* Bidder. Reichert u. du Bois Reymond's Arch. p. 67. 1865. 
Krause. Deutsch. Arch. f. klin. Med. XXII. p. 485. 1883. 
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the centre. An earlier degeneration in the periphery than in the 
central cut portion was also described by Ranvier. 

Krause’s view of the course of degeneration has been contested by 
various observers, and recently by Bethel. He adopts Erb’s view 
that degeneration begins at the cut end and proceeds to the periphery. 
In the frog ellipsoidal particles of myelin, 20 days after nerve 
section, are confined to the cut end, the formation of these progresses 
down the nerve, till finally after 100 or more days the degeneration 
reaches the extreme ends. He finds however as earlier observers that 
different fibres undergo degeneration at different rates. He considers 
that the small nerve fibres resist degeneration longest. Ellipsoids of 
myelin in frogs are found on the whole course of the nerve in 30 to 40 
days in summer and in 130 to 140 days in winter. 

My own results are as follows :— 

About eight days* after section, the nerve fibres at the cut end 
may consist of a granular mass, containing fat globules which are all 
small, This is a traumatic degeneration, it spreads later a variable 
though short distance down the fibres, and is obvious at all times up to 
100 days. 

Fragments and globules of myelin are found in the 3 
branches of muscular nerves in about 23 days, these become fewer and 
smaller, but some may be present in 69 days. None were present in 
100 days (one experiment only). 

The breaking up of the myelin into globules is next distinct in the 
intra-muscular branches, from which the epilemmal nerve fibres arise. 
This takes in about 30 days. It may be earlier than this, but in any 
one muscle the degeneration is always less advanced in the main intra- 
muscular branches than in the fibres just before their termination. 

In the nerve from the region of traumatic degeneration nearly down 
to the.entrance of the branch to the muscle, I have not observed any 
certain difference in the rate of degeneration between proximal and 
distal portion, but I have not made very careful observations on Sais 
point, 

The change in the myelin sheath begins, as has been described by 
Ranvier, in the neighbourhood of the nucleus and at the breaks of 
Lantermann. A slight alteration is visible in about 8 days. In 18 to 


Bethe. Allg. Anat. u. Physiol, des Nervensystems, pp. 158 et seq. Leipzig, 1903. 
The time given for degenerative changes is that of frogs in which the nerves were cut 


in spring. The rate of degeneration undoubtedly varies in different individuals according 
to their nutritive condition. 
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21 days, in osmic acid specimens, a few small clumps of yellow granules 
(indicating myelin break down) are present in some fibres in the neigh- 
bourhood of the enlarged nucleus, and at some of the breaks of Lanter- 
mann. In about 35 days, some of the nuclei have divided, and lie in a 
granular mass. At this time, and still more in the later stages up to 100 
days, it is obvious that the degenerative changes go on unequally in 
different fibres and in different parts of the same fibre. In 100 days 
some fibres are pale nucleated strands with clumps of yellowish granules 
here and there in them, others have for the greater part of their course 
myelin in an early stage of alteration, broken here and there by a 
granular, or a granular and nucleated, mass. These fibres are all medium 

to large. The breaking up of the myelin into globules occurs much less 
regularly along the course of the fibres than it does in the mammal, 
this is especially the case in the large fibres. 

In the instance in which the sciatic had been cut for 100 days, the 
small nerve bundles of the foot were examined, the branches to the skin 
contained fibres of medium to large size with myelin but little absorbed, 
but the branches to the digital muscles were devoid of myelin globules. 

In the nervus descendens communis, a small sympathetic bundle is 
usually at any rate present, consisting of non-medullated and of small 
faintly medullated fibres. The degenerative changes in this go on com- 
paratively rapidly. I have found marked degenerative changes in it in 
17 days, and almost complete absorption of fat globules in 38 days; the 
fibres then consisted of thin nucleated strands containing some small 
yellowish granules. In 50 days, the yellowish granules were fewer and 
more in clumps. 

In the sartorius treated with methylene blue, the axis cylinders of 
the superficial nerve fibres stain in an hour or two a more or less deep, 
even, blue. In about 10 days the staining is slightly less regular ; in about 
20 days, the staining of the axis is less and the boundary not sharp and 
distinct as it is in the normal axis cylinders; later the stain becomes 
more diffuse, and in about 38 days the nerves stain little or not at all, 
except for the unabsorbed fat globules. 

It will be seen from the foregoing account that my results agree with 
those of Krause as regards the more rapid breaking down and absorption 
of myelin in the extreme ends of the nerve than in the nerve trunk. 
The difference in the two regions is so marked that I can only suppose 
that those observers who have described a centrifugal degeneration in 
the frog have confined their observations to the main branches of the 
cut nerve, which form ordinarily much the longer portion, and have not 
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examined the intra-muscular branches“. In the nerve and its main 
branches, I have not noticed any distinct difference between central and 
peripheral portion; I have not examined the preparations sufficiently 
carefully to say that there is none, but if there is any it is very much 
less than that which occurs in different fibres, and less than that which 
occurs in different parts of the same fibre. 

The death of the axis cylinder, I take it, occurs at approximately the 
same time throughout the nerve fibre. The rate at which the breaking 
down and absorption of myelin occur probably depends mainly upon 
the degree of phagocytic action of the neurilemma cells. It was 
pointed out by Ranvier that the unequal change in adjoining portions 
of a nerve implied a difference in phagocytic activity in these cells. 
The phagocytic action would be favoured by a greater blood supply, by 
a more rapid lymph flow, and, as indicated by Krause, by isolation ; these 
factors would help to explain the more rapid absorption in the muscle. 
The amount of myelin would also be expected to influence the result ; 
in the earlier stages this does not appear to have much influence, for in 
these stages some medium and large fibres show greater change than 
some small fibres, but in the later stages it is only the larger fibres which 
contain myelin globules. It will be noticed that there is some evidence 
of a different rate of degeneration in different classes of fibres, and that 
the rate is quickest in post-ganglionic sympathetic fibres, then in somatic 
motor fibres, and lastly in sensory fibres. 


In mammals Schiff described the degeneration in intra-muscular nerves as 
at the same time as in the trunk of the nerve, but as progressing more rapidly. Phili- 
peaux and Vulpian were unable to confirm this difference. 

8 I have not observed in the nerves any acoumulation of leucocytes containing granules 


and fat globules such as commonly occur in mammalian nerves and in large numbers in 
mammalian vagus nerves. 
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The osmotic pressure of haemoglobin. By H. E. Roar. 
(Prelims ation.) 
(a) Molecular weight of haemoglobin in solution. 


The osmotic pressure of haemoglobin has been determined by 
Waymouth Reid’ using the direct method of measurement. He 
prepared the haemoglobin by crystallisation and obtained a pressure of 
about 4 millimetres of mercury for each 1 per cent. of haemoglobin. 

The present experiments have been made using corpuscles laked by 
addition of water after removal of the serum or after washing once or 
twice with 09 per cent. sodium chloride. The haemoglobin was 
reckoned as 90 per cent. of the dried organic matter. The. object of 
the experiments was to determine the effect of altered conditions on the 
“solution aggregate of the haemoglobin. 

Twice washed red corpuscles from cow’s blood were laked by water. 
Three determinations of osmotic pressure were made, the first with 
distilled water, the second with 0°34 per cent. sodium bicarbonate 
(0°04 N) and the third with 0°2 per cent. sodium carbonate (004 N) The 
osmotic pressures obtained per 1 per cent. of haemoglobin were 
5°7, 53 and 11° millimetres of mercury respectively. These pressures 
correspond to “aggregates” of 29787, 32035 and 14636. 


1 Journ. Physiol. Vol. xxxm. p. 12. 1906. 
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The pressure is raised by the presence of sodium carbonate and 
under the conditions of this experiment the haemoglobin “ aggregate ” 
corresponds to its molecular weight calculated from the amount of iron 


present. 
(b) The action of haemoglobin in the laking of blood. 


The osmotic pressure of protein solutions is altered by the addition 
of electrolytes and nonelectrolytes. Changes in osmotic pressure of the 
proteins of cells may be responsible for alterations of volume. Lillie’ 
compares the action of various electrolytes, in altering the osmotic pres- 
sure of egg albumin and gelatin, with their effect on the volume of cells. 

No observations have been made with typical cell proteins so it 
seemed desirable to study the osmotic pressure of haemoglobin. Pre- 
liminary experiments show that substances which prevent laking lower 
the osmotic pressure of haemoglobin whilst those that do not prevent 


laking do not cause so great a lowering of pressure. Haemoglobin is 


more affected by electrolytes than are the inert serum proteins. 

The cell proteins may probably be more easily affected by outside 
agencies and it is possible that, besides the volume changes in cells 
placed in solutions of various strengths of salts, such osmotic changes as 
muscular contraction* may be due to alterations in the degree of aggre- 
gation of proteins and not to liberation of inorganic salts, 


A Student’s key to deliver a single break shock or repeated 
stimulations. By H. E. Roar. 


The key consists of a striker (b) connected with oue binding screw 
(a) and an upright (c) connected with a second (d). The striker is held 
against the upright by a thread which passes over the pulley (e) and to 
which is suspended a weight of from twenty to thirty grams. To the 


Pe base is connected a spring with a wedge shaped piece of metal (J) on 
its upper surface. This spring can be raised or lowered by the 
gserew (9). 


To give a single break shock the spring is raised by screwing up (g) 
and the constant current flows through (a), (b), (e) and (d) to the primary 
coil. When the striker on the drum touches (b) the contact is broken 


Amer. Journ. Physiol. Vol. xx. p. 127. 1907. 
® Bee Macdonald, Journ. Physiol. Vol. XXVII. 1908, Proc. Physiol. Soc. p. xxv. 
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and the striker is prevented from coming back against (o) by the 
upward spring of (J) To set the key, close the short circuiting key in 
the secondary circuit and press down the spring. The striker comes 
against (o) and by opening the secondary circuit the preparation is 
ready for stimulation. 


iii 


When it is desired to give repeated stimulations one wire of the 
primary circuit is connected to the binding screw (d), the other is con- 
nected to the stand of the drum and the screw (g) is lowered. The 
striker on the drum comes in contact with (b) and the current flows 
from the drum along (5), (o), (d) (the key being insulated from the stand). 
At almost the same moment the contact between (b) and (e) is broken 
by the onward movement of the drum. These two stimulations fall 
within the latent period of muscle and therefore act as one. When the 


drum has passed (6) is pulled back against (o) and is ready for another 


stimulation but no current flows until the drum striker touches (6) 
again. 
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The combining power of egg white for hydrochloric and 
sulphuric acids. By H. E. Roar. 


Proteins as complex amino-acids should show a definite combining 
power for acids and alkalies. Other workers have made many determi- 
nations by various methods but the following simple method seems to 
be the best for showing the combining power of colloids for crystalloids. 

Into a series of pieces of parchment dialysing tubing equal quantities 
of diluted egg white were placed. These pieces of tubing were then put 
into bottles containing a definite volume of solution, in which was 
enough acid to make the total volume of liquid up to a known strength. 
After dialysing for several days a known volume of liquid was taken 
from the solution outside the dialysing tube and titrated with decinormal 
sodium hydrate in presence of “di-methyl” indicator. From the figure 
so obtained the concentration of acid in the whole volume of liquid was 
determined. The difference between the initial and final concentrations 
multiplied by the total volume gives the amount of acid removed from 
the solution by the protein. 

The following experiment shows the results obtained by placing fifty 
cubiccentitneters of a solution of egg white, into each of eight tubes. 
The dried weight of protein in each tube was 1˙4 grams and the ash 
required 3°4 cc. decinormal acid to neutralise it. : 


1 50 100 0-025 NHCI 0-008 N 17-0 
2 50 100 0-050 NHC 00885 N 165 
8 150 200 0-0875 0-0285 N 18-0 
4 150 200 0-050 NHCI 0-042 N 16-0 
5 50 100 0-025 NH,SO, 0-0085 N 16-5 
7 50 100 0-050 NH,SO, 0-0875 N 12°5 
7 150 200 0-0875 NH,SO, 0-029 N 170 
+ 150 200 0-050 NH,SO, 0-041 N 18-0 


From these figures the amount of acid, necessary to neutralise the 


Thus with two different acids and varying concentration approxi- 
mately equivalent amounts are taken up by the same quantity of 
protein. 

Similar determinations made with purified proteins and with 
different salts should show whether equivalent amounts are taken up by 
proteins. 
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A Method to show pentoses in the presence of ketoses. By 
H. E. Roar. | 


In the absence of ketoses the ordinary reactions for pentoses (con- 
densation with phloroglucinol or orcinol in the presence of half strerggth 
of concentrated hydrochloric acid) are quite definite’ but when ke 
are present a brown precipitate occurs. Although this would not be 
mistaken for the reaction with pentose, the precipitate prevents the 
appearance of the pentose reaction. 

If the solution is distilled with about six per cent. hydrochloric acid 
and the distillate is condensed with various plenols, in presence of an 
equal volume of strong hydrochloric acid, characteristic colours result. 
Distillates from pentoses give characteristic reactions with phloroglucinol 
and orcinol. The former gives first of all a brown colour which later 
becomes dark green, and the latter gives a grey followed by a greenish 
blue. Any precipitate that results is filtered off, dissolved in alcohol 
and the alcoholic solution examined spectroscopically*. The greenish 
brown alcoholic solution of the condensation product of pentose distillate 
with phloroglucinol gives a weak absorption band between O and D at 
the yellow end of the red. The alcoholic solution of the similar 
condensation product with orcinol is olive green in colour and shows a 
well marked band in almost the same position. 

These results are not masked by ketoses nor by anything else that 
has been tested’. When applied to the original solution the phloroglu- 
cinol test is more delicate but when applied to the distillate the orcinol 
test is more delicate owing to the more marked absorption band given 
by the alcoholic solution. 


Neuberg, Ergeb. d. Physiol. Vol m1. Brochem. p. 895, 1904, says that it is only car- 
bohydrates containing an odd number of carbon atoms which give the reaction with 
phloroglucinol but the condensation products obtained with those containing three and 
seven carbon atoms show absorption bands in a slightly different position to that obtained 
with pentoses. 

2 Tallens, Ber. Vol. XXIX. p. 1202. 1896. 

° Glycuronic acid has not been used but it is always stated to give the same reactions 
as pentoses. 
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Cholesterol—fatty acid combinations. By Powe. 
WHITE. 


Cholesterol forms with fatty acids loose combinations which are 
quite different from the corresponding esters. In the case of the higher 
acids (above Caproic acid) these combinations are peculiar in that they 
can be obtained in a crystalline fluid phase. When in this condition 
they give myelin forms with water similar to those produced when 
cholesterol is added to a solution of an alkaline salt of a fatty acid. 
This leads eventually to the formation of an emulsion the globules in 
which are found to be anisotropic. Such an emulsion passes readily 
through a filter paper. On standing, the two constituents are apt to 
separate in a solid crystalline form. 
Apart from fatty acids similar loose combinations are formed by 
cholesterol with lecithin, cetyl alcohol, and glycerine. Combinations 
with the triglycerides are apparently not formed but I have obtained 
them with mono- and di-palmitin. 
Anisotropic globules are found in the tissues, normally especially in 
the adrenal cortex, and pathologically in tumours and various other 
conditions.. In sections of formalin-fixed material globules are not 
usually found but in their place are needle shaped crystals which melt 
at temperatures varying from 20°C. to 80°C. and higher. On cooling 
after being melted anisotropic globules appear and remain for a long 
time in sections mounted in Farrant. . 
The existence of this condition of fluid crystals in the tissues suggests 
that it may have an important physiological bearing. It is apparently 
in the form of these loose combinations in the fluid crystalline condition 
that cholesterol exists normally in the tissues and the body fluids as, 
for example, in the myelin sheaths of nerve fibres, and it seems possible 
that cholesterol thus assists in the emulsification, absorption, and 
’. transference of fats and probably in other processes. 


Apparatus for regulating the temperature of the warm 
microscope stage. By CHARLES PoweLt WRITIH. 


The microscope stage used is an ordinary water-circulation warm 
stage fitted with a thermometer reading to 100° C., and is used in 
conjunction with polarized light. The regulating apparatus consists of 
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a series of stopcocks and a gas regulator mounted as in the illustration. 
Cold water enters at C and at D passes to the constant level attachment 
of a water bath. The water bath is of special make, being 12 inches 
long and about 3 inches broad and is heated by a row of four bunsen 
burners. Hot water is drawn off at the end opposite to the constant 
level attachment and passes to the apparatus at the tube E and then 
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through a stopcock J, by means of which the rate of flow can be regulated, 
to the three-way stopcock L. The other tube leading to this stopcock is 
a branch from the cold water tube OD so they by turning L, either hot 
water or cold can be admitted to the stage. The water passes to the stage 
at Fand leaves it by the tube G on which is a second three-way stopcock 
M. According to the way in which this stopcock is turned the water either 
passes directly to waste at H or through a vessel O containing the gas 


il 

nse 
N 

F 2 4 
— 


viii PROCEEDINGS OF THE PHYSIOLOGICAL 


regulator. A and B are the inlet and outlet for gas and P is the bye- 
pass of the regulator. The stopcock M is used for running off the hot 
water from the water bath and for clearing out air bubbles. In the water 
bath is a second gas regulator connected with a different gas supply but 
controlling the same four burners as the regulator O, so that either 
regulator can be brought into use by changing the gas supply. 

The stage can be kept at a constant temperature at any point up to 
95°C. or the temperature can be varied in either direction slowly or 
rapidly. Slow alterations are obtained by the screw adjustment of the 
gas regulator; and rapid by keeping the water in the water bath hot and 
admitting hot or cold water to the stage by the stopcock L. The stage 
is standardised by observing the melting points of pure chemicals and 
comparing the temperatures with those obtained in the usual way. 

This apparatus is useful for observing the melting points, and the 
behaviour on melting, of crystals which are found in sections of tissues. 

The apparatus must be made throughout of Jena laboratory glass 
and the plugs of the stopcocks must be hollow; otherwise cracks are 
sure to occur from the alterations in temperature. It was made for me 
by Mr O. Baumbach of 10, Lime Grove, Manchester, and the water bath 
was made by Messrs Griffin & Sons, Kingsway, London, W.C. 


The presence of cholesterol in heart muscle. By G. W. ELLIS 
and J. A. GARDNER. 


In an article on the biochemistry of cell lipoids in the Ergebnisse der 
Physiologie, v1. p. 174, Ivar Bang states that Burchard demonstrated 
the presence of cholesterol in heart muscle by means of its colour 
reactions, but draws special attention to the fact that Erlandsen in 
his work on this muscle did not show the presence of cholesterol, 


though he dealt with large quantities of material. It must be remem- 
bered, however, that Erlandsen was interested chiefly in the investiga- 


tion of the lecithins and phosphatides (Underségelser over I jertets 
fosfatider, Kébenhavn, 1906). As cholesterol has been found in small 
quantities in all other cells and tissues, and appears to be a constant 
constituent of killed protoplasm, it seemed to us important to submit 
the question as to whether heart muscle differs from other muscle in 
containing no cholesterol, to a careful investigation, and for this purpose 
the experiments detailed in this communication were undertaken. 
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Eaperiment I. The sample for analysis was obtained from a 
bullock’s heart, any blood vessels and adhering fat being carefully cut 
away from the muscle, which was then rinsed once with cold water, 
finely minced and weighed. In order to dry it for extraction the 
minced muscle was mixed with plaster of Paris and quicklime, and the 
tissue broken up as much as possible by thoroughly pounding the 
mixture in a mortar. After standing 48 hours the dry mass was 
extracted with ether in a soxhlet for a period of about two weeks. The 
ether solution of the extract was saponified in the cold with an alcoholic 
solution of sodium ethylate. The precipitated soap was filtered off and 
well washed with ether, the washings being added to the main filtrate. 
The filtrate was then freed from excess of alkali, alcohol, glycerine, 
traces of soap, etc. by repeatedly shaking with water and dilute soda 
solution, and dried with calcium chloride. The ether was next distilled 
off, and the residue dissolved in hot absolute alcohol. On standing a 
deposit of cholesterol crystals in a practically pure condition was 
obtained. These crystals were filtered off, dried at 100° and weighed. 
After recrystallizing once from the least possible quantity of alcohol the 
substance melted at 145°—-146°C. All the mother liquors were evapo- 
rated to dryness, and the residue thus obtained was benzoylated in 
pyridine solution by the action of a moderate excess of benzoyl chloride 
according to the method described by one of us in Proc. Roy. Soc. 1908, 
B. vol. LXXX. p. 228. The cholesterol benzoate obtained was crystallized 
from a measured quantity of absolute alcohol, filtered, dried and weighed. 
A correction was made for the slight solubility of cholesterol benzoate in 
absolute alcohol. This benzoate melted at 145°—146° to a turbid 
liquid which became clear at 178° C. and on cooling showed the play of 
colours characteristic of cholesterol benzoate. 

From 1215 grams of muscle we obtained 0°553 gram of cholesterol 
and 0°3198 gram of cholesterol benzoate. The percentage of cholesterol 
in the heart muscle is therefore 0066. 

Experiment II. The above result is open to the objection that a 
portion of the cholesterol formed may have been contained in the blood 
still remaining in the muscle. In this experiment therefore the method 
of treatment was somewhat modified. The weighed minced muscle 
(from a different heart) was soaked for about a minute in cold physio- 
logical salt solution, the liquor strained off through muslin and the residue 
squeezed. This process was repeated five times when the salt liquor no 
longer contained blood colouring matter and was fairly clear. By this 
treatment blood colouring matter, albumins and such globulins as would 
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be soluble in saline under’ the conditions of the experiment were 
removed. The almost colourless muscle tissue remaining was then 
treated precisely as described in Exp. I. 

From 882 grams of muscle we obtained 0485 gram of pure 
cholesterol and 01408 gram of cholesterol benzoate. The specimens 
weighed melted approximately correctly. The numbers correspond to a 
percentage 0071. 

The percentage of cholesterol in heart muscle is therefore 0°066 to 
0071. If we take the amount of moisture in heart muscle as 75 per 
cent., the content of cholesterol per cent. of dry muscle is 0°26 to 0°28, 
which figures do not differ materially from that given by Dormeyer 
(flug. Archiv 1896, LXv. p. 99), viz :—0°28 as the percentage cholesterol 
content of other muscle in the dry state. 


The action of Digitaline and allied substances upon striated 
muscle. By A. D. WALLER. 


The present experiments have been made in pursuance of the general 
purpose of ascertaining to what extent the muscle test is applicable to 
pharmacological investigation. They are in continuation of experiments 
communicated to the Society at previous meetings (July 18, Oct. 17, 
Nov. 21) and their subject matter was occasioned by the observations 
recently made by Miss Sowton' on the physiological standardisation 
of Digitalis tinctures by mammalian heart-perfusion, which suggested to 
me as a useful test subject the somewhat indefinite group of “ Digita- 
lines” and allied Glucosides. To this end I made preliminary trials 
with shop-samples of tincture and infusion of Digitalis, with several 
specimens of French, German and American Digitalines,” with 
extract of Acocanthera (sent to me for examination by Mr Martindale), 


and with two Se ponines (given to me for the purpose by Mr. J. A. 


Gardner). 


The experiments as a whole afford a good illustration of the scope 
and limitations of the method. It supplies very precise indications as 
regards the effect of drugs soluble in normal saline, but for insoluble 
substances such as certain Digitalines” it gives no direct information; 
soluble“ Digitalines” give effects that are very closely similar to the effects 


+ 8. C. M. Sowton. “Some experiments in the testing of Tincture of Digitalis,” 
British Medical Journal, Feb. 8, 1908. 


° 
7 7 
4 
‘ 
. 
ng 
‘ 
4 
. 
‘ 
‘ 
wn 
* 
‘ 
* * 
— 


SOCIETY, DEC. 19, 1908. xi 


of Saponine. One Digitaline in particular—Digitalinum pulverisatum 
purum Germanicum—gives a characteristic record of muscle quite 
indistinguishable from a Saponine record. 


i 


14 


* 


Tinet. Digitalis 5 %. 2 volts coll = 5. 
Fig. 1. Sept. 29, 1908. Action of Tinct. Digitalis in 3 % dilution in normal saline. 


My first experiments (with Miss Sowton on Sept. 29) were made 
with shop samples of tincture and infusion of Digitalis (P.B.), the 
former diluted 20 times so as to bring the alcohol down to 3% which 
previous experiments had shown to be ineffective. Of two tinctures 
from different sources one proved to be relatively inactive, the other gave 
an effect to all appearance analogous with the well known full toxic 
effect upon the heart, viz. the contraction of the muscle in the course 
of 15 minutes immersion gradually diminished, and the muscle at the 
end of that time was contracted and inexcitable. On substituting 
normal saline for the Digitalis solution the muscular contractions 
gradually reappeared with relaxation of the muscle to its original length. 
Both the infusions produced little or no effect. 

Subsequent experiments showed this to be the characteristeristic 
record of “ good” tincture of Digitalis at this dilution. With two weaker 
tinctures (one of which was however certified as having a killing power 
of 100 grammes per 1 c.c. but of which }c.c. failed to kill a 20 gramme 
frog) the effect was absent ; and on taking the tinctures at double strength 
thus bringing the alcohol in the test solution up to 6% the character- 
istic effect of alcohol at that strength was obtained. 

The next comparison made was between an original tincture at 5% 
and a solution of tincture from which the alcohol had been evaporated 
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off. This solution brought to the bulk of the original tincture with 
0°6°/, saline, was considerably less effective (4 to ) than the original 
tincture; in 10% solution it abolished contractility in 15 to 20 minutes, 
the muscle coming to rest in the relaxed state—a result that indicated 
the removal from the original tincture of something (? Digitoxine) soluble 
in alcohol, insoluble in water or saline. 

I then undertook to test the effects of :— 

Nativelle’s Digitaline. 
2. Digitaline (=Digitonin cryst.) (Merck). 
3. Digitalinum pulverisatum purum Germanicum (Merck). 
4. Digitalinum verum (for which I have to thank Prof. 
Schmiedeberg). 
and 5, Digitoxine (Merck). 

Of these five preparations only the D. Germanicum was freely soluble 
in normal saline; the 4th (D. verum) was soluble with some difficulty ; 
the other three were apparently quite insoluble. Nevertheless I made 
up 1 per 1000 solutions (or suspensions) of all five substances for purposes 
of comparison. The fluid containing Nativelle’s Digitaline, as well as 
that containing Digitoxine, were practically without action upon muscle, 


Saponine (pure) 0˙1 %. 


Digitalinum Germanicum 0-1 °/,. 
Fig. 2. 
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Digitalinum verum 0-1 °,. 
Fig. 3. 


i.e. they contained no appreciable amount of toxic substance soluble in 
water. The other three produced characteristic effects, viz. well-marked 
contracture and loss of contractility. These three “active” fluids gave 
a well-marked soapy froth on shaking, whereas little or no permanent 
froth was produced in the case of Digitoxine and in that of the French 
Digitaline. A “Digitaline” obtained from an American firm gave 
results in all points similar to those of the German “ Digitalines.” 

An imperfect solution made from 100 granules of Nativelle’s 
Digitaline in 25 C. c. of saline, i.e. Digitaline at 0°1°/, in saline gave no 
characteristic effect whatever, but only a simple decline of contractility 
similar to that produced by a hyperosmotic solution of sugar. 

Nativelle’s Digitaline in bulk (sent to me by Dr Dupuy by courtesy 
of MM. Nativelle) proved to be quite insoluble in saline and therefore 
produced no effect. A similar negative result followed immersion of 
muscle in an oily solution of Nativelle’s Digitaline containing 0°025 %%, 


According to Cushny’s Pharmacology (2nd edition, p. 343) an almost 
inactive Saponine (Digitonine) is met with in Digitalis. 

I therefore tested the effects of “Saponine” upon muscle, using for 
the purpose two different samples given to me by Mr J. A. Gardner— 
one reputed to be toxic and labelled Saponin pure,” the other reputed 
to be inert and called Saponin cortici guiaci.” These two Saponines 


72 
** 
—— 
5 
: 
— 
Saponine (pure) 0-01 %%. 
— 
| 


xiv PROCEEDINGS OF THE PHYSIOLOGICAL 
in solution at three strengths (in 6°/, saline) gave the following 


results: 
Saponine “ pure” 
At1-0°/, Immediate contraction ; immediate 
and final abolition of contractility. 
AtO1% Do, Do. Do. 


At0-01°/, Gradual contracture; gradual de- 
cline of contractility. 


Saponine cortici guiaci 
Immediate contracture ; rapid and 
final abolition of contractility. 
Contracture and abolition of con- 

tractility. 
No effect. 


This result was confirmatory of the reputed activity of the two 
Saponines. The records brought out the fact that the action of 
Saponine is very similar to that of Merck’s “ Digitaline” (Digitonine). 
In even medium strength solution, 1 per 1000, both drugs arrest con- 
traction and produce contracture. But the water-soluble substance 
present in Digitalis whether called Saponine or Digitonine,” is very 


active upon muscle. 


The experiments recorded in this communication demonstrate an 
identity of action upon striated muscle of Digitaline” (soluble) and of 
Saponine, but it is obvious that experiments on the heart itself are 
required before we may infer that Digitaline and Saponine have or 


have not a similar action on cardiac muscle. 


Taken in conjunction with experiments previously described (and 
demonstrated ta the Society) these results appear to me to have proved 
that the systematic use of muscle is capable of affording rapidly and 
conclusively a very considerable contribution to pharmacological know- 
ledge as well as to our specific knowledge concerning the action of drugs 
upon muscle. The method is however applicable only to substances 


soluble in normal saline. 


On review of the experiments—about 500 in number—made during 
the last eight months with a considerable variety of narcotic and toxic 
substances I find that a general parallelism holds good between physio- 


logical activity measured by the response of muscle, and toxic or nar- 
2 a cotic power measured by killing-power per weight of living animal. 


There is also a general parallelism with the dosage officially or unofficially 


recommended for therapeutic purposes. But the indications furnished 
by muscle, when obtainable, are far more precise than the indications it 
is possible to obtain by “killing-power,” and in any case thus afford 
valuable evidence in confirmation or extension or correction of the 
conclusions arrived at by other methods. This method has for instance 
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enabled me to state that the physiological power of chloroform is 12 
times that of ether and 100 times that of alcohol. 

From the present experiments on “ Digitaline” it is clear that this 
name covers a group of indefinite substances divisible into two classes 
(I) such as are insoluble in water, represented by Digitoxine and (2) 
such as are soluble in water, and of the nature of Saponine, represented 
by “ Digitonine.” 

The method is very applicable to the physiological standardisation 
of preparations of Digitalis and allied substances. In this connection 
however I have been concerned only with the establishment of the 
method on a satisfactory basis rather than with the actual carrying out 
of an elaborate series of pharmaceutical assays, and I shall give only a 
single record in illustration of the procedure. 


Sal. 5°), A000. 10% Ac. Sal. Dig. 20% Sal. 
Tinct. Digitalis v. Ext. Acocanthera (lea ves), Martindale (alcohol free). 


Sal. 10 % Acoc. Sal. Dig. 20% Sal. 15%, Acoc. Sal. 

Fig. 4. Dec. 16, 1908. Comparison between two samples sent by Mr Martindale, viz. 
Extract of Acocanthera (leaves) without Alcohol and Tincture of Digitalis P. B. 
physiologically standardised but the alcohol removed and the volume made up with 
water. Dilution of both fluids by tap-water NaCl to 0°6°/,. 


Group Effect 
ist line I In saline nm 7 Recovery. 
II In Acocanthera solution 5% Slight augmen 
III In Acocanthera solution 10 °/, Abolition in 6 mins. 
V In Digitalis solution 20% ... Abolition in 8 mins. 
VI In saline — * Recovery. 
2nd line VI cont. In saline Recovery. 
VII In Acocanthera 10% Abolition in 6 mins. 
VIII In saline 
IX In Digitalis 20%, Abolition in 3 mins. 
X In saline Recovery. 
XI In Acocanthera 15 °/, = Abolition in 3 mins, 


| | 
JJ 
SMir. 4 
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XII In saline * * Recovery. 
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The conclusion is: 


That the Acocanthera sample is not more than twice as powerful as the Digitalis 
sample. (N.B, This statement applies only to the fluids as supplied to me by 
Mr Martindale, who informs me that the solid value of the Acocanthera=1:1 while 
that of the Digitalis tincture is 1:8.) The value of the tincture has been physiologically 
reduced in consequence of the evaporation of the alcohol; and finally the value of 
different samples of Digitalis even when certified as having been physiologically standard- 
ised is in my experience variable. By reason of these several uncertainties it would in 
my opinion be rash to draw a firm conclusion as to the proper therapeutic dose. All that 
would be safely permissible would be to proceed to further trials on a tentative assumption 
that Acocanthera has about }th to pyth the toxicity of Digitalis. The term of comparison 
taken in this instance is as bad as possible, viz. the toxic effect of a glucoside mixture of 
variable and doubtful constitution and action. For a closer approximation to accuracy in 
the estimation of toxicity it would be preferable to take as a standard the action of a well- 
defined alkaloid such as Aconitine or of a narcotic with constant and invariable action 
such as alcohol or chloroform. 


A hot stage for the microscope, making it possible to obtain 
temperatures up to 200°C. By J. Lorrain SMuTTRH AND W. Mair. 


Clamped to the stage of the microscope by means of special springs 
is a flat glass bulb (A) ground and polished on both surfaces. This has 
an inlet tube B at one end, and at the other a T-shaped outlet tube (C) 
in the horizontal limb of which a thermometer is inserted projecting 
into the bulb to a point as near as possible to the axis of the microscope 
without. interfering with the field of view. The microscope slide is 
placed on the upper surface of the bulb. The inlet and outlet tubes 
are connected by pressure tubing to the upper and lower side tubes of a 
cylindrical copper reservoir (D), 9 inches in height. The difference in 
level between the openings of the two side tubes into the reservoir is 
5 inches. The reservoir is heated by means of a semicircular burner 
D which applies the flame laterally above the level of the lower side 
tube. 


The microscope must be elevated so that the glass bulb is above the 


level of the upper side tube and so forms the highest point in the 


stream of circulating liquid. The temperature of the liquid in the 
cylinder is regulated by means of a Reichert mercury regulator (J) 
inserted in the cork. For temperatures above 95°C. glycerine is used. 
An observation may be commenced with glycerine diluted with 10% of 
water. This boils at a temperature of about 140° C., and as evaporation 


proceeds the temperature rises, By this means the retardation of the 
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circulation due to the viscosity of pure cold glycerine is avoided. If 
higher temperatures are required at once it will save time to begin with 
pure glycerine. In this case it is necessary to manipulate the pressure 
tubing so as to start the circulation. This stage, used along with Nicol 
prisms, gives an excellent means for the determination of the melting 
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and clearing points of crystalline substances in normal and pathological 
tissues. The actual temperatures on the stage which correspond to the 
thermometer readings must be determined by observing the melting 


points of a series of pure chemicals and comparing these with the melting 


points observed by the usual methods. A Nernst lamp with a bull’s 
eye condenser forms a suitable source of light for these observations. 
The glass stage was made by Mr Baumbach, 10 Lime Grove, 
Manchester. The copper cylinder was made by Messrs Baird and 
Tatlock, and the special clamps by Messrs Watson and Sons to fit their 


Edinburgh Student's Microscope (Stand F). 
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The Production of prolonged Apnea in Man. 
By H. M. Vernon. 
It is well known that the time for which the breath can be held is 


increased by performing a preliminary forced breathing. The table 
shows the effects of 1 to 6 minutes of such breathing in my own case. 


Duration of Composition of alveolar 
1 0 mins. O mins. 42 secs. 6°6 „0 111%, 
12 0 0 42 69 91 | 

6 1 2 21 8-2 
8 3 3 21 , — * 

2 5 3 2 55 5˙8 
11 6 3 58 
, 14 6 4 5 59 3°7 


i The rate of respiration was increased to about 30—35 per minute, and 
* made as deep as possible both in its inspiratory and expiratory 
* phases. After the final deep inspiration, the nostrils were closed by a 
* clip. At the breaking point, a sample of alveolar air was collected by 
* the well-known method of Haldane and Priestley. The data show 
that whilst apnoea could be maintained for only 42 seconds when the 

breath was held at the height of a normal respiration, it extended to 

4 min. 5 sec. after an initial forced breathing of 6 minutes’ duration. 
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This prolonged apnea must have been due chiefly to the removal of 
CO, from the blood and tissues by the increased ventilation of the lungs, 
for the analyses show that at the end of the apnea the alveolar air 
contained rather less CO, than when there had been no preliminary 
forced breathing. 

In a recent paper (this Journal, xxxvil. p. 77. 1908) Hill and Flack 
have shown that the time for which the breath can be held is generally 
more than doubled if three quiet breaths of oxygen be taken immediately 
before the apnea. The oxygen want of the system is thereby eliminated, 
and in addition the respiratory centre becomes less sensitive to OO, for 
the alveolar air at the breaking point contains about 8% of CO, instead 
of the usual 7°*/, or less. I have made a series of experiments upon 
myself in which the last four inspirations of the forced respiration were 
taken from an atmosphere containing 70°/, or more of oxygen. As can 
be seen from the data in the table, I was able under such conditions to 
hold my breath about twice as long as in the corresponding experiments 


9 74 Omins. I min. Tsecs. 72%, 15°7 %, 

15 74 0 1 19 77 142 

4 about 70 3 38 7˙4 40°2 

18* about 95 1 1 18 8°8 82°6 

7 74 8 6 34 79 56-0 

8 about 85 5 6 2 80 56°38 

10 74 6 8 18 8°5 46°2 

5 74 8 7 27 78 11°83 


of the preceding series, and in the most successful experiment of all I 
held it for no less than 8 min. 13 sec. This was after forced breathing 
for 6 minutes, whilst it will be seen that after 8 minutes’ forced breath- 
ing I held it only 7 min. 27 sec. This and other irregularities in the 
tables are due in chief part to the fact that I improved with practice. 
The order in which the several experiments were carried out is shown 
in the first column of the tables. The experiments were made on 
consecutive days, generally at the rate of two per day with several hours’ 
interval between the two experiments. The influence of practice 
depended upon the respiratory centre acquiring the power of with- 
standing somewhat higher tensions of CO, (cf. experiments 9 and 15, 
4 and 18, 3 and 10), on a more efficient performance of the forced 


breathing, and a more complete filling of the lungs with the oxygen 
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mixture. Thus in the last experiment of the table, the lungs were so 
little inflated that the oxygen in the alveolar air dwindled from 
the initial 74% down to 113% In the first two experiments of the 
table four normal quiet respirations of the oxygen mixture were made, 
not forced respirations, and so the alveolar oxygen tension was not greatly 
raised. It will be seen that the alveolar CO, tension at the end of the 
apncic pauses approached the 8 % observed by Hill and Flack in their 
experiments. It was on an average 17 / higher than in the corre- 
sponding experiments without oxygen. 

The world’s record for a professional diver remaining under water in 
a tank is 4 min. 45 sec. I do not know in what way divers prepare 
themselves for such feats, but presumably it is by a preliminary forced 
breathing, and if my record of 4 min. 5 sec. be taken as comparable 
with this professional record, which was doubtless made only after long 
practice, it follows that by combining oxygen inhalation with forced 
breathing it would be possible for some individuals to remain under 
water 9 or 10 minutes. 7 

The practical utility of this method for pearl and sponge divers and 
others is obvious. Though in theory the longer the preliminary forced 
breathing the better the result, it is not so in practice. When carrying 
out the last experiment given in the table, I found that after about 
6 minutes of forced breathing the muscles of my hands passed into a 
condition of tonic rigidity, and for the first 14 min. of the subsequent 
apnœa they were completely paralysed. My other muscles were 
apparently unaffected. Probably for most practical purposes forced 
breathing of 1 to 3 minutes’ duration, followed by a single deep 
inspiration of oxygen, would be best. In Exp. 13“ I took only one 
deep breath of 95°/, oxygen at the end of 1 minute’s forced breathing, 
and was then able to hold my breath for 4 min. 18 sec. 


The phosphorus of urine. By G. C. Maruison. 
(Prelimi 
A. METHODS OF ESTIMATION. 


An examination of some of the methods employed in the estimation 
of phosphorus compounds in urine was carried out. Total phosphorus 


was estimated by Neumann’s method as modified by Bayliss and 
Plimmer’, 


Journal of Physiology, xxxu1. p. 489. 1906. 
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Two methods were at first employed for inorganic phosphates. 

1. Precipitation with magnesium citrate. 

2. Precipitation with magnesia mixture. 

In both these methods the precipitate is ashed and the amount of 
P.O, present in the ash, Mg. P, O,, is calculated. 

The magnesium citrate method gives constant values, even when 
the amount of reagent added is varied considerably. The results with 
magnesia mixture are higher and show considerable variation. This is 
in part due to the presence of calcium in the ash, in part to the 
precipitation of some of the organic phosphorus compounds of the 
urine. When magnesia mixture is added to the filtrate obtained after 
treating the urine with magnesium citrate, a further precipitate is 
obtained. There is a considerable quantity of phosphorus present in 
this, as can be shown by Neumann’s method. If this precipitate is 
dissolved in dilute hydrochloric acid and Scott's reagent“, which is 
capable of detecting 005 milligrammes of inorganic phosphates, is 
added, no reaction is obtained, so that the phosphorus present must be 
in organic combination. Conclusive proof of the complete precipitation 
of the inorganic phosphates by magnesium citrate was obtained. 

The difference between the total and the inorganic phosphorus 
represents organic phosphorus. 

This can also be directly determined by combusting the filtrate 
obtained after magnesium citrate, and estimating the phosphorus by 
Neumann’s method. 

The uranium acetate method failed to give accurate results. Usually 
the values were somewhere between those for inorganic and total 


phosphorus. 


B. THE OUTPUT OF ORGANIC PHOSPHORUS. 


The values obtained were much higher than those usually cited. 
The urine of an individual on an everyday diet was examined over two 
periods each of six consecutive days, Total phosphorus varied from 
19 to 30 grammes; organie phosphorus from 114 to 303 grammes’. 
The percentage of total phosphorus appearing in organic combination 
varied from 49 to 113. The N: P. O, ratio varied only slightly, 
between 6:1 and 7 : 1. 

Samples of urine from three other individuals contained from 5°/, 


1 Journal of Physiology, xxxv. p. 119. 1906. 
Calculated as P,O,. 
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to 10% of the phosphorus in organic combination. Investigations are in 
progress as to the nature of the organic phosphorus compounds, and the 
effect of variations in diet and of diseases such as the leukemias 12 795 
the quantity excreted. 


The physiological action of primary fatty amines. By 
G. Barcrer and H. H. Date’. 


(Prelims cation.) 


The identification by Barger and Walpole* of one of the pressor 
constituents of putrid meat as isoamylamine, suggested to us the 
desirability of examining the action of other primary fatty amines, none 
of which had been hitherto suspected of having an action of this kind. 
Up to the present the following have been tested physiologically : 

Methylamine 
Ethylamine 
Isopropylamine 
Normal Propylamine 
Isobutylamine 
Normal butylamine 
Isoamylamine 
Normal amylamine 
Normal hexylamine 
Normal heptylamine 
Normal octylamine. 

The hydrochlorides were used in all cases in 

The lowest member of the series to give any genuine pressor effect 
was isobutylamine, the effect of which was small, but regularly observed. 
After this the activity showed very rapid increase in ascending the 


solution. 


series, in the order indicated, up to hexylamine, which is the most 


active of those yet examined, 0°5 ce. of 1 solution producing a very 


large rise of blood-pressure. Heptylamine is distinctly less active than 
hexylamine, and octylamine is again less active than heptylamine. 
Quantitative details are reserved for fuller publication. Other amines 
are being tested in this connexion. 


? The physiological experiments have been performed by H. H. Dale. 
This Journal. Proceedings of the Physiological Society, Jan. 28rd, 1909. 
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Pressor principles from putrid meat. By G. Bann and 
G. S. WALPOLE. 


(Preliminary Communication.) 


In 1906 Abelous, Ribaut, Soulié, and Toujan' showed that an 
extract of putrefied horse-meat produces a rise of blood-pressure on 
intravenous injection. Later Dixon and Taylor“ observed that 
extracts of human placenta, injected intravenously, similarly caused a 
rise of blood-pressure and also uterine contraction. The possibility of 
a connexion between the above two observations was suggested to this 
Society in January 1908 by Rosenheim, who had found that the 
pressor effect was not given by perfectly fresh placente and was 
inereased by allowing putrefaction to proceed. 

More recently Abelous and Ribaut* published an analysis of the 
crystalline oxalate of a pressor base, which had previously been 
obtained as a hydrochloride. 

Working with putrid horse-meat we isolated: 

(1) The crystalline oxalate of a base obtained first by Abelous’ 
method, and later by steam-distillation, which was identified as 
isoamylamine. The physiological effect of synthetic isoamylamine 
is qualitatively and quantitatively identical with that of the base 
obtained by putrefaction. 

(2) A much more actively pressor base, not removed by steam- 
distillation, which was found to be p-oxyphenylethylamine, and was 
chemically and physiologically identical with the base obtained by 
sublimation from tyrosine. 

The relation of these two bases to leucine and tyrosine respectively 
is clear, and analogous to that of putrescine and cadaverine to ornithine 


and lysine. The possibility of their putrefactive formation in the 


intestine is of interest. 

The physiological experiments were performed for us by Mr H. H. 
Dale, who in conjunction with Drs Dixon and Taylor is investigating 
the details of the action of these bases. 


1 C. R. Soc. de Biol., 1. pp. 468, 530. 1906. 
B. M. J. u. p. 1160, 1907. 
C. R. Soc. de Biol., 1. p. 908. 1909. 
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Do “thermic shocks” act as nerve-stimuliP? By A. D. 
WALLER. 


The question whether the sudden brief application of heat to a 
nerve has any stimulating effect similar to that produced by the sudden 
brief application of mechanical or electrical energy, has never, so far as 
I know, received any very definite answer by experiment. 

References are given in Hermann’s Handbuch (vol. II. p. 90) to the 
conflicting and inconclusive results of previous observers—Valentin, 
Eckhard, Pickford, Rosenthal and Griitzner. The balance of 
opinion at that time seems to have been to the effect that such 
contractions as ensued in the muscle of a nerve-muscle preparation 
when the temperature of the nerve was raised were of the nature of 
final death-spasms caused by desiccation. This conclusion, while it did 
not warrant the addition of “thermal stimuli” to the list of electrical, 
mechanical and chemical stimuli, did however leave undetermined 
whether or no it would be possible to obtain any regular series of 
responses to brief shocks of heat, causing brief local temporary 
desiccation, analogous with the regular series of responses to series of 
electrical and mechanical shocks. 

I thought it desirable to re-test this point carefully (1) upon the 
nerve of a nerve-muscle preparation, using the muscular contraction as 
the indicator of stimulation effects and (2) upon isolated nerve—the 
sciatic of the frog—using the galvanometer as indicator. 

1. The nerve-muscle preparation. A metronome and platinum 
mercury contact in an accumulator circuit so as to give “thermic 
shocks” through a loop of platinum wire placed about 1 mm. below 
but not in contact with the nerve of a n. m. p. Rhythm of “stimulation” 
about 2 seconds, and “stimuli” signalled on the drum by an electro- 
magnet in an independent circuit. 

The first three lines of Fig. 1 give the result, the fourth line being 
the ordinary regular effect of make and break induction shocks by the 
same metropome circuit. I have chosen this record from among several 
others as being the one exhibiting the nearest approach to a series of 
muscular contractions caused by a series of thermic shocks applied to 
the nerve. But in this respect the tracing does not bear even the most 
superficial examination. The contractions are evidently nothing more 
than the irregular effect of desiccation. In the first group of apparently 
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Time in seconds 


Fig. 1. Response of the muscle of a nerve-musele preparation to “ thermic shocks" 
applied to the nerve as described in the text. 


The first group of contractions was provoked by two “thermic shocks.” No such 
shocks were applied when the muscle most nearly approached regularity of contraction. 


The second group of contractions taken half a minute later was provoked by six 
thermic shocks applied as indicated by the signal. 


At the third trial only one twitch was given to an indefinitely long series of thermic 
The fourth group is by ordi induction shocks afforded by the same metronome and 
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rhythmic effects only two stimuli were used; no stimuli were in action 
while the muscle was twitching with nearest approach to regularity. 
In the second group more heat was required before the muscle twitched 
at all, At the third trial only one single twitch could be obtained. 
Subsequently nothing. There is no correspondence whatever between 
thermic shocks to the nerve and contraction of the muscle. 

2. The isolated nerve. A frog's sciatic is set up in the usual way 
across two pairs of electrodes and to be led off to the galvanometer by 
unpolarisable electrodes. A loop of platinum wire to be heated by an 
accumulator is fixed just below, but not in contact with, the nerve, 
between the exciting and the leading-off electrodes. At the beginning 
of the experiment the exciting electrodes are as far as possible from the 
muscle; for the second half of the experiment, after “thermic shocks” 
have been applied by means of the platinum wire, they are moved close 
to the leading-off ‘electrodes. 


Ge Dial. 


Fig. 2. Exe. 1. First or distal position of electrodes. 
Exc. 2. Second or proximal position of electrodes. 
Pt, and Pt.. Loop of platinum wire in distal and proximal position. 
g-g. Leading-off electrodes. 


The results of experiment are as follows: 
Distal tetanisation gives the regular negative variation. 
Distal “thermic shocks” give no visible effect, but the normal 


25 negative variation on tetanisation is abolished. 
Bag Proximal tetanisation now gives the regular negative variation. ee 
1 Proximal “thermic shocks” give a single permanent negative 


deflection after which neither tetanisation nor further heating gives any 
further result. 

The conclusions to be drawn from these experiments are : 

1, That the stimulation of nerve by “thermic shocks” is not 


demonstrated by any regular effects in the muscle or in the galvano- 
meter, 
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reve Volt, 


Four successive negative 
variations by electrical 


Fig. 8. (March 2nd, 08). rr 
near as indicated in Fig. 2. 


2. That the brief localised application of heat to a nerve produces 
irregular effects attributable to desiccation. 

3. That the brief application of heat gives either no effect at all 
or a permanent effect (a final outbreak of muscular contractions or a 
final negative deflection, after which the nerve is permanently inexcit- 
able, i. e. killed). 

4. That “thermal stimulation” as a test for the physiological 
conduction of an excitatory wave in nerve is therefore altogether 
illusory. 

Clearly these conclusions are in no wise related to the well-known 
influence of raised and lowered temperature upon excitability to ordinary 
forms of stimulation. 

The fourth of these conclusions bears reference to statements 
recently made by Professor J. C. Bose (Comparative Electrophysiology) 
as to the existence of vegetable “nerves” in all respects physiologically 
similar to animal nerves, more especially as regards their response to 
thermic stimuli. I have thought it worth while to show that as regards 
animal nerves at any rate thermic stimulation is illusory. As regards 
vegetable nerves I have obtained similar negative results which I do 
not think necessary to report in detail. I must not however omit to 
return my thanks to Colonel Prain for allowing me to test fibro-vascular 
bundles of ferns at the Jodrell Laboratory at Kew under more favour- 
able conditions than I enjoy at the University Laboratory, though 
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probably not under as favourable conditions as are obtainable in India. 
I have however not thought fit at present to deal with the question of 
the thermic stimulation of vegetable tissues and have limited my 
negative statements to the subject of animal nerves; and in this 
connection I find it necessary to say that in my opinion it is quite 
impossible that e.g, Figs. 275 and 276 on pages 462—3 of Prof. Bose’s 
book on Comparative Electrophysiology (Longmans, 1907) can be records 
of the electromotive response of frog’s nerve to thermal stimulation. 
At best they can have been the regular effects of some regular current 
escape, or else figures and descriptions of figures have got mixed up by 
the author or by his assistants. I cannot however account for the 
careful description of method and of desirable precautions by which the 
author appears to have surrounded these illusory observations. The 
so-called contractility of nerve is a separate matter with which I dealt 
last year by demonstration to the Society of the obvious nature of the 
fallacy involved (“On the ‘contractility’ of nerves, fiddlestrings and 
other strings.” Proc, Physiol, Soc. Feb. 1908). 


The Influence of Oxygen on Athletes. (Prel. Comm.) By 
LeonarD Hitt and MARTIN FLACK. 


We have made a number of observations on the pulse, blood- 
pressure and respiration which show that oxygen inhalation by 
maintaining or restoring the vigour of the heart, increases the lasting 
power and lessens the after fatigue of athletes. The fatigue which 
follows an athletic feat seems to be mainly cardiac in origin, and due to 
want of oxygen. 

The blood-pressure observations were taken on the radial artery 
with the new Leonard Hill sphygmometer. This sphygmometer allows 
readings to be taken quickly and accurately. It consists of a rubber 
bag enclosed in a silk cover and about 14 inches in diameter, which is 
connected by a short rubber tube to a gauge; the gauge is a straight 
tube of glass, which contains a meniscus of water, terminates in an air 
bulb, and is calibrated in mm. Hg. Near the open end of the gauge is 
a side hole. When the gauge is dipped in water, a meniscus rises up to 
the side hole—the zero of the scale. The rubber tube is then passed 
over the gauge so as to cover the side hole. The bag is covered by the 
hand and pressed upon the radial artery, the thumb being placed 

behind the wrist. The gauge sticks out between the fingers and is held 
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by them. The fore-finger of the other hand is pressed on the radial 
so as to prevent a pulse re-entering from the ulnar anastomosis, 
while the second finger feels when the pulse is obliterated by the 
pressure of the bag. The closed end of the gauge is made of solid glass. 
The operator can hold the gauge by this end while he sets the 
instrument and so avoid warming the air-bulb. 

In administering oxygen we use a wide mouth-piece fitted with 
valves, and a soft nose clip. The oxygen (or air) fills a bag holding three 
cubic feet. Between the expiratory valve and the metre an anesthetic 
rubber bag is placed to act as an elastic cushion and prevent the metre 
being over-run. We have tested the ordinary open method of giving 
oxygen to patients with a funnel and find only 19—27 / in our 


1. Mouthpiece and valves and tube leading to breathing bag and metre. 
2. Metre. 

8. Oxygen bottle with tube leading to breathing bag. 

4. Bellows with which tube can be connected in place of oxygen bottle. 
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alveolar air. If a cloth with a celluloid face piece is fastened to the 
forehead by a rubber band, and tucked into the collar below, and the 
oxygen tube is carried into the simple mask thus formed, we find with 
same current of oxygen over 70% in the alveolar air. 

The tests on students were running up and down stairs as fast as 
possible a given number of times with or without oxygen before and 
after each run. The subjects breathe from a bag through a Zuntz 
metre, and do not know whether air or oxygen is in a bag. Blood- 
pressure, pulse frequency, respiratory frequency and breathing volume are 
recorded, Results show that time of the run is lowered, pulse frequency 
lowered and blood-pressure kept up by breathing oxygen, breathing 
volume and frequency are not definitely changed—being dependent 
apparently on the rate of work and the CO, production—but a feeling 
of relief to the dyspneea is given by the oxygen. The subject breathes 
easily and with his belly rather than his chest. 


v 

— 

R. 8. 1 10⁵ 128 22 26 «Resting, breathing 
2 | 23 26°5 air. 
5 
4 115 116 22 26°5 
5 — — 20 26 ˙0 
1 150 176 29 49°5 Flight of 26 stairs 
2 170 (ih) 128 25 88°56 times in 1’ 35” 
8 — — 25 28 Breathing O, dur 
4 135 124 20 29 ing period of record. 

5 180 120 22 30 
1 105 172 29 46 Stairs 9 times in 
2 110 164 23 385 ss 1’ —-40”’. Breathing 
3 a 140 20 31 air during period 
140 of record. 
4 130 182 20 28°5 
120 

5 + 128 20 27 

P. 1 — 72 15 6˙5 Resting. Breathing 
2 he 1¹ 60 af 
3 115 12 6˙5 
4 — 12 0 
5 — 92 1¹ 10) by saliva 
1 135 140 20 89 After stairs 8 times 
2 126 144 17 26 in 1’ 50”. Breath- 
3 125 144 16 285 ing air during 
4 130 140 16 22°56 period of record. 
5 120 136 16 21 
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P. cont. 


a week later 
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130 
140 
130 
120 


| Skt 1 8 SSS 


ese 888 8 888 8 8838 SSE 


8 


} 


SSS * 
or 


— 
— 
an 


SESS 888 


AR 


& & 


Stairs 8 in 90”. Air. 


Stairs 8 in 1’ 84”. 


Resting. Breathing 
Oxygen. 


Stairs 8 in 78”. Oxy- 


Stairs 9 in 6“. Air. 


xxxi 
of Volume 
5 1 156 17 83 Atter stairs 8 times j 
124 18 26°5 inl’ 60”. Breath- 
124 17 20°56 ing oxygen during 
118 18 20 period of record. 4 
116 16 17 
R. 110 68 9 Resting. Air. 1 
— — 9°5 
— — 10 
170 28 7 
182 
160 124 28 ˙5 
wed 116 
160 108 
120 156 
180 140 Air. 
140 186 
180 120 
120 156 Stairs 8 in 1’ 98”. 
140 162 Air. 1 
120 136 
— 128 
R. 120 64 
120 64 
120 64 
% ud 
170 104 gen. 5 
uch 4 
150 108 much | 
140 108 q 
120 160 very, Stairs 8 in 8a“. Oxy- 
160 182 tun — 
145 124 
125 112 
80—90 160 very . Stairs 8 in 78”. Oxy- oi 
140 124 fuller gen. 
140 120 “ae 
120 108 a 
140 100 Resting. Breathing 7 
air after lunch with 
150 92 coffee, 
bee 172 
200 
180 164 
175 186 J 
160 136 


xxxii PROCEEDINGS OF THE PHYSIOLOGICAL 


Subject § Minutes 


H. H. R. cont. 1 
2 
3 
4 
H. H. R. 1 
a week later 2 
3 
1 
2 
8 
4 
1 
3 
4 
C. M. I. 1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 
C. M. I. 
a week later 


— Frequency Frequency of 
of pulse respiration 


184 
190 
170 172 
170 144 
160 140 
160 100 
— 
92 
180 164 
| 144 
186 
170 132 
125 
160 
200 
190 140 
170 140 
180 136 
120 80 
— 
84 
160 
170 
132 
140 108 
180 112 
200 
220 
190 128 
175 120 
150 112 
140 116 
120 74 
11 
180 112 
160 108 
150 108 
130 104 
128 
1 
— 
140 108 
120 104 


88 


breathed 


42°5 


188 88 8& 


— 


8 2 8 


Condition 
Stairs 9 in 66“. Air. 


Resting. Breathing 
air. 


Stairs 9 in 108%. Air. 


Stairs 9 in 6“. Air. 


Resting. Breathing 
oxygen. 


Stairs h in 66%. Oxy- 


— 
7 29 50 - 
29 41 5 
28 84 
25 26 
} 16 11 Resting. Breathing 
17 18 oxygen after lunch 
16 12% with coffee. 
54 Stairs 9 in ee”. Oxy- 
Stairs in 94”. Oxy- 
gen. 
33 
24 
18 
9 20 5 
51° 
39 5 
29 80°5 
21 24˙5 
first minute. 
j 20 10 
4 18 9 
18 9˙5 
29 o 
en. 
5 23 325 
22 80°5 
22 30·˙5 
39* 54 Stairs 9 in 66“. Oxy- 
28 
i 25 81 
25 29°5 
q * Stitch disappeared quickly. 6 
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Subject Minutes pressure of pulse io Condition 
P. 1 130 90 15 85 Resting. Breathing 
2 ; — 16 105 air 
8 140 — 15 9 
1 — 152 22 Stairs 9 in 95”. Air 
2 180 148 19 32 
3 140 140 16 22°5 
4 185 136 16 20°5 
1 1 148 very 20 86°5 Stairs9in 116”. Air. 
2 160 140 18 27°5 
3 180 132 16 20 
4 140 132 16 18 
P. 1 160 64 15 11˙5 
a week later 2 ; — 18 75 
8 140 — 13 8°5 
1 140 148 19 40% 9 in 106”. Very much 
2 170 144 19 63°65 hampered by people 
8 200 128 17 in 2 mins. on stairs. Oxygen. 
4 160 128 16 23 
1 — 136 thready 23 48 9 in 7. Oxygen. 
2 170 128 22 37 
3 160 110% much 20 80 > 
4 140 116 18 25 


L. H. (untrained), On successive days runs before breakfast. O, breathed after each 
run on alternate days. Records of pulse frequeney. Normal 60—64. 


Mins. Air 0, Air O. Air O, 
1 128 182 128 140 182 140 After first run 
2 B4 72 80 62 72 68 of 350 yds. 
8 88 64 76 60 64 64 
4 — — 84 64 — 60 
1 120 128 144 148 148 132 After second run 
2 112 8s 112 70 120 84 of 350 yds. 
8 104 80 96 84 96 92 
4 108 84 96 92 96 88 
1 124 136 186 144 140 144 After third run 
2 126 104 120 96 100 84 of 350 yds. 
8 112 92 108 76 96 88 
4 104 92 104 92 96 84 


Some irregularity of pulse on air days. Felt much fitter after 
oxygen runs. At end of week in much better training, and ran 
1050 yds. without stopping with prospect of oxygen at the end. Next 
day was unwilling to run more than 700 _ oxygen supply being 
expended, 
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Another set of tests carried out on boxers, shows most strikingly how 
oxygen restores the vigour by lessening the pulse frequency, markedly 
increasing its strength and fulness, and raising the blood-pressure. 
Oxygen giver at the end of a third round to a “done” man sends him 
back to the ring full of fire and energy. The blood-pressure readings 
were taken with the wrist resting on the knee of the subject who lay 
back exhausted ima chair, and therefore below the heart's level. They 
must be reduced some 10—15 mm. for heart's level reading. 


Bowing Tests, Stock Euchange Club. 


(By courtesy of Mr Jack Angle.) 
Frequency Blood 

Subject of pulse pressure 

8. 1 76 180 Resting. 
164 140 Aſter first round of 2’ 
144 180 17 later. 
— 120 13 later. 
164 120 After second round of 2’ 
— 110 1 later. 
140 irregular 120 13 later. 
186 very thready 120 After third round of 2’—very done. 
128 110 1 later. 
2 140 1 later after oxygen. 
104 very much stronger 180 Il’ „ * 
128 good pulse 100 After fourth round of 2’, much more fire, 

very active on legs. 

116 140 =} later breathing oxygen. 
100 180 2 

8. O. 168 110 After boxing 2 rounds. 
163 140 1 later. 
172 very thready 180 After ard round of 2. 


140 markedly stronger 160 1 later breathing oxygen. 


140 and fuller 180 37 
168 thready 180 After 4th round of 2’. 
140 markedly stronger 100 1’ later breathing oxygen. 
136 and fuller 160 2 1 5 
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Bowing Display, London Hospital. 


Rounds 2’. Intervals 1’. 


Subject pulse 
8. 186 180 
Novice 168 140 —150 
Competition 184—172 180—188 
164 very thready 120 
120 thready 5 
186 much stronger 166 
182 180 
H. 148 110 
Novice 140 120 
Competition (ould not be counted 80 
182’ very thready 70 
128 stronger 130 
128 much stronger * 
128 110 
W. 180 140 
Trained 128 165 
Exhibition 176 130 
140 140 
172 120 
126 much stronger 170 
108 
100 160 
F. 144 130 
Trained 140 150 
Exhibition 180 120 
140 160 
176 120 
124 160 
120 very full and strong 
112 170 
W. 136 Not obtained 
Trained 128 
Exhibition 164 very thready 120 
182 fuller 140 
160 120 
120 full and strong 180 


XxXXV 


Before, excited. 

After first round. 

After second round. 

After third round. 

J later breathing oxygen. 
* ” 


* ” 


4’ later breathing oxygen. 


— 
˙ 
— 
After first round. 
later. 
After second round. 5 
After third round, could hardly stand or hit. 
” * 2 
” 
After first round. 
later. 4 
After second round. 2 
z later. 7 
After third round. 
later breathing oxygen. 1 
¥ 
9? 
After first round. j 
later. 
After second round. , 
later. 
After third round. | 
1’ later breathing O. 2 
* 
After first round. 
later. 
After second round. : 
later. 
After third round. q 
1’ later breathing oxygen. q 
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M. 108 

Novice 168 

competition 140 


160 
136 
120 full 
128 


Blood 


170 


Before, excited. 


Atter first round. 


Jumping Tests, with X-ray photographs of heart. 


L, H. 148 


150 


After jumping the feet on to a chair 70 
times in 70” *. 


15 ” 
After jumping on to chair 70 times in 71” “. 
1’ later breathing oxygen. 


After jumping on chair 60 times in 75’, 
very blown 


” ” 
After jumping on chair 54 times in 63” *. 
1’ later breathing oxygen 


1’ ” 


* X-ray photograph taken of heart with exposures of 1—2” and diaphragm in inspiratory 
position. No dilatation found; heart slightly smaller after the exercise in each case, The 
exhaustion was nothing like so great as in some of the boxers. In the case of a student 
who had had a tobacco heart we observed the heart to be enlarged after stair-running. 


pressure By 
4 10 
10 
110 later. 
140 weak 180 After second round. 
130 After third round. 
— I' later breathing oxygen. 
4 160 * ” ” 
1’ 
wee 
148 — 1 later. 
136 160 2 later 
4 116 — 2 later breathing oxygen. 
96 
4 186 145 
4 116 150 
116 
4 140 — 2’ later 
‘ 128 180 2 later breathing oxygen. 
108 160 
2 136 170 
7 128 170 
128 
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The human pituitary body. By W. D. Hatiisurron, J. P. 
CANDLER and A. W. SIKEs. 


The human pituitary weighs about half a gramme, and contains 
76 per cent. of water. Nevertheless when dried, sufficient material is 
present in a single pituitary to make extracts strong enough to produce 
physiological effects. The strength of the extracts used was about a 
quarter of that employed by Schäfer and Herring. As in other 
mammals, extracts of the anterior or glandular lobe are physiologically 
inactive, or only produce a slight fall of pressure such as is caused by 
tissue extracts generally: extracts of the posterior lobe produce (1) a 
rise of pressure (at the first injection), (2) constriction of peripheral 
vessels, but (3) dilatation of the kidney vessels which persists a long 
time: this is accompanied by (4) diuresis. 

The pituitaries used were obtained from Claybury Asylum; in 
nearly all cases the structure was normal and action of extracts of the 
organ gave the usual result. The number and size of the colloid cysts 
vary a good deal, but the colloid matter does not appear to be the 
substance to which the activity of the extracts is due. 

On account of the view which has been frequently put forward on 
the vicarious relationship of the thyroid and the pituitary the latter 
organ (from man and ox) was examined for iodine by Baumann’s method, 
but with negative results. 
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On the desaturation of fatty acids in the liver. By 
J. B. Leatues and L. Mever-WEDELL. 


Some experiments on the effect which feeding different fats or oils 
would have on the nature of the fatty acids in the liver were commenced 
last summer by Dr L. Meyer-Wedell. The fatty acids in the liver of 
rats were found to absorb from 130 to 140% of iodine. The fatty acids 
obtained from a sample of cod liver oil absorbed 150°/,. The livers of 
rats fed on this oil yielded fatty acids that absorbed 161, 198, 170, 173, 
174% of iodine. Dr Meyer-Wedell’s experiments were interrupted 
by her having to return to Germany. They have been continued with 
the following results. 

(1) Rats were fed with a homogeneous emulsion of cod liver oil in 


a jelly containing plasmon and ground rice, cooled down rapidly while 


still being shaken. In this way an approximate estimate of the amount 
of oil eaten could be made. 


TABLE I. 
Approximate 
amount of Liver, Liver Skin, 

1 150 0 0 17 135 84 
2 154 216 hours* 3* 23 131 100 
8 200 881 20 49 215 838 
4 196 4 days 7 4°9 184 108 
5 226 ee 21 28 177 94 
6 161 3 14 2˙7 167 88 


* Found dead in the morning, stomach containing much oll. 


As in Dr Meyer-Wedell’s experiments the fatty acids of the liver 
had a high iodine value higher even than that of the oil eaten: a 
remarkably high figure was given by No. 3 which had eaten a large 
amount of oil in a short time. No, 2 probably died before much if any 
oil had been absorbed. 

(2) Six rats were given the same amount of the same jelly to 
which in one case no fat or oil was added, in three cases cod liver oil, 
in one case margarine and in the last cocoa butter. The iodine value of 
the fatty acids in the margarine was 40, in cocoa butter 8. The 
animals were all killed 24 hours after beginning to feed on this food. 
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TABLE II. 
Liver. Liver, Skin, 
Rat No. wan jelly eaten 

7 125 50 gms. 0 2˙8 189 87 

8 168 8 „ I gm. Ol. M. 6°5 146 72 

9 186 2 4°5 gms. Ol. K. 4˙8 178 75 

10 237 0 „ 6 4˙4 178 85 

ll 187 40 „ 8 gms. Margarine 4°8 183 71 
value, 40 

1 203 3 „ 5 gms. Cocoa Butter 51 118 74 
I. value, 8 


The same result as in the previous experiments is seen within a 
shorter period, 24 hours (Nos. 9 and 10): whereas when the food 
contains the usual sort of fat (No. 11) the usual iodine value is found 
in the liver fatty acids, and when a fat containing an abnormally small 
amount of unsaturated acid is fed (No. 12) the iodine value of the fatty 
acids in the liver is abnormally low. 

The inference may be drawn that a portion of the fat absorbed from 
the intestine is taken up at once by the liver. 

(3) That the other organs of the body do not, like the liver and 
connective tissue, take up the fat absorbed from the intestine is shown 


by the following experiments on cats. a 


The cats A, B, C and D were controls that had had no special 
dietary preparation: E was a control fed for five days on cod flesh 
which contains mere traces of fat. 

The cat No. 1 had three meals consisting respectively of 108 grms. 
and 210 grins. of herring roe and 90 grins. of herring flesh rubbed to a 


paste with 10 cc. of cod liver oil, and was killed 40 hours after the 


first of these meals was given. 

The ovary of the herring contains about 5°/, of fatty acids the 
iodine value of which falls between 180 and 190. The flesh of the 
herring contains about 8% of fatty acids with the iodine value 127. 

The cat No. II ate at its first meal 95 grms. of herring roe: at its 
second 130 grms. of herring flesh with about 12 c. c. of cod liver oil and 
at its third 143 grins. of roe. It was killed 60 hours after the first meal. 

Nos. III, IV and V had no food but 100 grms. of cod flesh daily for 
5 days and then were given respectively : 

No. III a meal of hetring roe, from which it absorbed not more than 


2˙3 grms. of fatty acids, all the rest being found in the stomach when it 


was killed 4 hours after the meal. The contents of the intestine 


were not collected or analysed 
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No. IV also had a meal of herring roe and when killed 8 hours later 
had absorbed not more than 3°3 grms. of the fatty acids. 

No. V took 24 c.c. of cod liver oil mixed with herring flesh and was 
killed 40 hours after the first meal of this food and 16 hours after the 


TABLE IIL 
Fatty acids in the : ) 
Heart Spleen Kidneys Skin 
Todine Iodine Iodine Todine 

4 264 188 2°26 125 196 104 48 78 70 
B 222 129 2-99 sie — 60 61 — 
896 187 806 119 — 46 78 78 
D 22°25 94 801 1032 — — 68 67 61 
E 192 91 255 118 198 1186 54 77 59 
I 28 162 116 281 140 87 100 98 
Il 574 171 800 121 927 12 88 
III 258 162 $08 112 195 116 40 80 67 
1 850 1697 233 1588 262 106 . 85 
404 186 221 180 — 74 


These figures show: that feeding with fish oils of a high iodine value 
results in the appearance of fatty acids with a similarly high iodine 
value in the liver but not in the other organs examined: this result in 
the liver is most marked when the feeding is repeated a second or third 
time (Nos. I, II and V) but is also evident within a few hours of a 
single meal and after the absorption of small amounts of fat (Nos. III 
and IV). As in rats so too in the cat feeding with cod liver oil results 
in the appearance in the liver of fatty acids more unsaturated even 
than those of the oil fed. 

The experiments show (1) that the liver as well as the connective 
tissues takes up fat conveyed to it by the blood. The other organs do 
not at any rate to the same degree. (2) But whereas the connective 
tissues store the fat as brought to them, the liver changes the fatty 
acids in such a way as to increase their power of absorbing iodine. This 
may be interpreted as due either to the introduction of new unsaturated 
linkages, or possibly to the transposition of existing ones from situations 
in which they are less liable to saturation by halogens (or hydroxy! 
groups) to others in which they are more so. It is known for instance 
that A oleic acid does not decolourize bromine water’. 

These facts furnish additional evidence for the view? that it is a 
function of the liver to prepare fat for oxidation in other tissues 
and that the preparatory treatment consists in part at any rate in a 
desaturation process. 

Le Sueur. Journ. Chem. Soc. uxxxv. 1708, 1904. 
* Problems in Animal Metabolism, pp. 107 and 118. 
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A Medium for the permanent preservation of Microscopical 
Specimens stained by the method of Golgi or its oe 
By A. F. STANLEY Kxxr. 


Inconvenience is often experienced owing to the rapid deterioration 
which affects microscopical specimens stained by the method of Golgi 
or by one of its numerous modifications. Such specimens, if mounted 
under a cover-glass, gradually lose their sharpness, and in a few months 
the structural details, at first distinct, become blurred, and, ultimately, 
unrecognisable. 

For this reason it is usual to mount such specimens without a 
cover-glass, the sections being protected merely by a coating of Canada 
balsam. 

The following method, which has been in use for thirteen or 
fourteen years, permits of Golgi-stained specimens being mounted 
securely under a cover-glass without appreciable deterioration becoming 
evident in the course of many years. 

The material having been stained, dehydrated, cleared, and im- 
bedded in paraffin, is cut into sections, the sections placed upon a 
dry slide, and covered with a suitable cover-glass, Gentle heat is now 
applied until the paraffin is just melted and fills up the space between 
slide and cover, more melted paraffin being added if necessary. Gentle 
pressure is applied to the cover-glass until the paraffin has become 
firmly set, after which the specimen can be made secure by a ring of 
cement round the cover-glass, or simply left uncemented. 

The slight opacity of the paraffin does not interfere with the 
distinctness of the details of structure, especially if care be taken, 
by employing suitable pressure during hardening, to make the layer 
of wax between section and enclosing glass as thin as possible. 

Sections mounted in this way fourteen years ago for the purpose of 
testing the method have recently been examined, and are exhibited 
herewith. The details appear as sharply defined as on the day the 


preparations were made. 
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No. IV also had a meal of herring roe and when killed 8 hours later 


had absorbed not more than 3°3 grms. of the fatty acids. 


No. V took 24 ce. of cod liver oil mixed with herring flesh and was 
killed 40 hours after the first meal of this food and 16 hours after the 


TABLE III 
Fatty acids in the : 
Skin 
Liver Heart Spleen Kidneys 

A 2°54 138 2°26 125 1°96 104 48 73 70 
B 2°22 129 2-99 128 — — 60 61 — 
0 895 187 3°06 119 — — 46 738 738 
D 22°25 94 8°01 102 — — 68 67 61 
E 19°2 91 2°55 118 1°93 116 5-4 77 50 
1 206 182 8°58 116 2°31 140 37 100 95 
Il 5°74 171 8-00 121 2°27 122 — ~ 88 
III 2°58 162 3-08 112 1°95 118 40 80 67 
IV 3°60 167 2°33 138 2°62 106 — — 85 
* 404 186 2°21 130 — — — — 74 


These figures show: that feeding with fish oils of a high iodine value 
results in the appearance of fatty acids with a similarly high iodine 
value in the liver but not in the other organs examined: this result in 
the liver is most marked when the feeding is repeated a second or third 
time (Nos. I, II and v) but is also evident within a few hours of a 
single meal and after the absorption of small amounts of fat (Nos. ITI 
and IV). As in rats so too in the cat feeding with cod liver oil results 
in the appearance in the liver of fatty acids more unsaturated even 
than those of the oil fed. 

The experiments show (1) that the liver as well as the connective 
tissues takes up fat conveyed to it by the blood. The other organs do 
not at any rate to the same degree. (2) But whereas the connective 
tissues store the fat as brought to them, the liver changes the fatty 
acids in such a way as to increase their power of absorbing iodine. This 
may be interpreted as due either to the introduction of new unsaturated 
linkages, or possibly to the transposition of existing ones from situations 
in which they are less liable to saturation by halogens (or hydroxy! 
groups) to others in which they are more so. It is known for instance 
that A oleic acid does not decolourize bromine water’. 

These facts furnish additional evidence for the view* that it is a 
function of the liver to prepare fat for oxidation in other tissues 
and that the preparatory treatment consists in part at any rate in a 
desaturation process. 

Le Sueur. Journ. Chem. Soc. uxxxv. 1708, 1904. 
* Problems in Animal Metabolism, pp. 107 and 118. 
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A Medium for the permanent preservation of Microscopical 
Specimens stained by the method of Golgi or its modifications. 
By A. F. Kevr. 


Tneonvenience is often expernenced owing to the rapad deterioration 
whack affects mocroscopical specimens stained by the method of Gely: 
or by one of its numerous modifications. Such specimens, if mounted 
under a cover-ginss, gradually lose thew sharpness, and in a few months 
the structmral details, at first distimet, become blurred, and, ultimately, 
unrecugnisabie. 

Por this ressom it is to mount such specimens without 
cover-ginss, the sections being protected merely by à coating of Canadian 


The following method, which has been in we for thirteen or 
fourteen years, permits of Golgi-stamed specimens being mounted 
securely under a cover-giuas withowt apprecusble deterioration becoming 
evident in the course of many years, 

The material having been stamed, dehydrated, cleared, and im- 
bedded im paraffin, is cut inte sections, the sections placed upom 2 
dry slide, and covered with a suitable cover-glass. Gentle heat is now 
applied until the paraffin is just meited and fills up the space between 
slide and cover, more melted paraffin being adided if necessary. Gentle 
pressure is applied to the cover-ginss antl the puraffin has berume 
firmly set, after which the specimen cam be made secure by à ring of 
cement round the cover-ginas, er simply uncementeud 

The slight: opacity of the parsfim dees not imterfere with the 
distinctness of the details af structuwe, espennily cave be taken, 
by employing suitable pressure during handenmg, to make the layer 
of wax between section and enclosing glass as thim as pusmble 

Sections mounted in this way fhucteem years age for the purpese of 
testing the methed have recentiy ben examined, and are 
herewith The detail: appear as difined as om the day the 
preparations were madi. 
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On the existence and significance of a mucoid in the 
intestinal mucous membrane of the horse. By H. W. Bywarens. 


(Preliminary Communication.) 


A mucoid substance, closely resembling the seromucoid shown by 
Zanetti (Ann. di Chim. e Farmac, XII. I, 1897) and myself (Biochemische 
Zeitschr. xv. 322, 1909) to be present in normal blood, may be extracted 
in considerable quantity from the mucous membrane of the small 
intestine of the horse, 

Briefly, the method of isolation is to submit the aqueous extract, 
after freeing from coagulable protein, to dialysis. All salts are thus 
removed, and traces of nucleo-protein remaining behind may be 
eliminated by careful precipitation with dilute acetic acid. The 
processes of dialysis and precipitation must be repeated several times 
before a product free from nucleo-protein is obtained. About 20 grammes 
of a fairly pure product were obtained from 20 kilos. of moist mucous 
membrane. 

The mucoid is completely soluble in boiling water and gives the 
usual protein reactions, with the exception that it is not coagulated by 
heat or alcohol. An extraordinary large amount of mineral matter 
appears to be tenaciously held by the substance; the first specimen 
analysed afforded 7°91°/, ash, whilst the second specimen, after dialysis 
for 6 days, yielded, in two determinations, 5°68 and 5˙7 2 / ash respect- 
ively. 

Elementary analysis furnished the following figures, calculated on 
ash-free substance, by the side of which are placed the figures obtained 
for two specimens of seromucoid, The large amount of ash, which is 
5 to 7 times greater than that found with seromucoid, together with 
certain minor differences in behaviour towards chemical agents, prevent, 
at present, the most probable deduction being drawn, viz., that the 
substance under consideration is identical with seromucoid. 


Mucoid from intestine Seromucoid 
0 47-06 47-89 47-92 47-82 
6°70 6-63 6-85 6°84 
N 11-62 10-90 11-75 11:48 
8 1-72 1-60 1-70 1-81 
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For confirmation of the mucoid structure, the material was submitted 
to hydrolysis. It was found that, in accordance with the observations 
recorded in the case of other gluco-proteins, from 2 to 3 times as 
much carbohydrate was present after treatment with 5% HO! as after 
treatment with 10°/, KOH. The estimation of the sugar liberated on 
acid hydrolysis showed that 26-1 / of the mucoid consisted of a mono- 
saccharide which, on benzoylation in the usual way, was transformed 
into pentabenzoyl-glucosamine of M. p. 213°, which was identical with 
the product similarly obtained from seromucoid. 

With regard to the source of this mucoid substance, it may be said 
that it does not appear to be contained as such in the food, nor to be a 
constituent of the mucus excreted by the cells lining the alimentary 
canal. It seems possible that it is a product of synthetic action, 
eg. that an intermediate stage in the reconstruction of protein is the 
production of a mucoid, which passes into the general circulation as 
seromucoid or undergoes further change. 


The effect of heat upon the electrical state of living tissues. 
Muscle, nerve, skin. By A. D. WALLER. 


The question was first studied in detail by Worm-Muller in 1868 
who found that heated muscle became positive then negative. In 1870 
Hermann flatly contradicts Worm-Muller—“eine (nicht thermo- 
elektrische) Positivitat der erwarmten Substanz in Sinne Worm-Muller's 
existirt nicht (P. A. 3, 43). | 

In the following year Hermann satisfied himself that differences of 
temperature give rise to a special electromotive force“ eine besondere 
elektromotorische Kraft (P. A. 4, 163; Handbuch, vol. 1.196; Lehrbuch, 
10th ed. p. 291). 

As regards frog’s skin, Engelmann stated in 1872 (P. A. 6, p. 137) 
that the sudden brief application of heat gave a negative variation of 
the normal (ingoing) current, i. e., an outgoing effect. 

Method. The tissue—muscle, nerve or skin—is led off to the 
galvanometer by two electrodes A, B. Warmth is applied by brief 
glow of a platinum wire under (not in contact with) A or B. 
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Results are as follows: 
As 


Heat 


Excitation 7 injury — 


* 


— — 

Excitation or ⁴ — — 


The arrows under A and B indicate the direction of currents in the 
tissue in response to local warmth or local excitation at A and at B 
respectively, eg. if muscle led off at A and B to the galvanometer 
is heated at B, there is current in the galvanometer from B to A, in the 
muscle from A to B, as indicated by the first arrow under B. 


Five successive electrical responses to heat applied once a minute to the B side of muscle 
and of skin (external surface), led off to the galvanometer from A and B. The 
direction of response in the muscle is from A to B, in the skin from B to A. 
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Muscle (scalded). Skin (internal). 
Five successive responses to heat applied to the same muscle (scalded) 
and to the same skin (internal surface). 

Following the usual phraseology we say that B becomes “ positive.” 
The second arrow under B indicates that there is current from B to A 
in the muscle when B is rendered active by injury or excitation, or 
according to usual phraseology B becomes “negative.” The arrows 
opposite the nerve indicate the analogous currents by local warmth or 
by local excitation, identical in direction with those of muscle. Scalded 
muscle gives a small effect in the same direction, of thermo-electric 


The local skin-currents both to heat and to excitation are of reverse 
direction to those of muscle (and of nerve), ag. if skin, led off by 
electrodes A and B applied to its external surface, is warmed at B there 
is a current in the galvanometer from A to B (“ingoing” current at B, 
or B negative to A). If it is excited at B there is current in the 
galvanometer from B to A (“ outgoing” current at B, or B “positive” to 
A). The internal surface is ineffective. Both surfaces of scalded skin 
are ineffective. The records figured are of the two cases marked by 
asterisks in the series of arrows denoting results. 

In the foregoing description the ordinary terms “negative” and 
“positive” have been used. For my own part I find it conducive to 
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clearness to think of the active spot B as “electro-positive” giving 
current from B to A in the tissue, rather than as “negative” giving 
current from A to B through the galvanometer, and I call B zincative. 
But the least ambiguous description of direction of current between 
A and B is afforded by the arrows. 

Conclusion. In muscle (and in nerve) where the electrical effect of 
local excitation is negative,” the effect of moderate heat is positive. 

In the skin where the electrical effect of local excitation is “positive,” 
the effect of moderate heat is “negative.” (Eugelmann's negative 
variation of the normal current was probably due to injury.) 

Excessive heat, producing injury, gives a “ negative” effect in muscle 
(and nerve), a “ positive” (outgoing) effect in the skin. 

In all these cases—muscle, nerve and skin—the electrical change 
produced by moderate heat is of the opposite sign to that produced by 
excitation. 


N. B. “negative” = zincative.“ 


Do thermic shocks act as muscle-stimuli? By A. D. WALLER. 


At the January meeting of the Society I described experiments in 
answer to the question whether “thermic shocks” acted as nerve- 
stimuli.. The present experiments had for their object an answer to 
the similar question put to muscle with the same apparatus. 

The answer is at first sight in the affirmative. A sartorius muscle 
connected with a myograph and submitted to brief local warmth by 
a stirrup of platinum wire below (but not touching) it, gives a con- 
traction at each glow of the wire which, if the heat be not too great 
or too prolonged, gives way to relaxation. It looks just as if each glow 
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Fig. 1. Five successive contractions (or contractures ) of muscle in response to five 
successive glows of heat at intervals of 1 minute. Each glow lasts for about 
Yoth second. (The record reads from right to left.) | 
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of the wire acted as a stimulus to the muscle. But this apparently 
simple answer does not close the question in the affirmative because a 
nerve (ag. phrenic of cat) treated in the same way behaves in the same 


Fig. 2. Feb. 10, 1909. Cat vagus. Mechanical effects of heat. 


way. The effect as regards the nerve is obviously purely physical, the 
“contraction” being due to the local coagulation or desiccation produced 
by heat, suggesting of course that the similar effect on muscle is due 
to a similar cause. Nevertheless it remains open to us to adopt 
the view that a thermic shock may act as a muscle-stimulus, if we 
admit that the temporary “contracture” of muscle producible by drugs 
(Potassium Chloride, Chloroform, etc.) is a true physiological response 
to excitation. 3 
The facts of the two cases are as follows: — Brief local heat gives 
temporary contracture of nerve which is a physical effect and affords no 
proof of the excitation of nerve. Brief loval heat gives temporary con- 
tracture of muscle which may be physical as in the case of nerve, and 
affords therefore no proof of the excitation of muscle, or physiological as 
in the case of temporary or permanent contracture caused by drugs, and 
affords therefore evidence of excitation. 
The answer to the heading of this paper is therefore no or “ yes” 
according as the temporary muscular contracture caused by heat is held 
to be only physical or strictly physiological as well. 
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The accuracy of the obliteration method of measuring 
arterial pressure in man. By Leonarp HIL and Martin Frack. 


We have tested the accuracy in two ways: 
I. The gravity method. 


We place one armlet round the upper arm 
just below the knee, and take the radial apd posterio 
our indices, using one manometer for the two armiets, an, having the 
fingers of one hand of the observer on the radial and of the ¢ | 
posterior tibial artery. We find the obliteration pressure is | 
the horizontal posture, and is higher in the one artery the other 
by the pressure of the column of blood which separates the two armlets 
in the vertical positions—standing erect, and suspended head down. 
It is unlikely that this would be so if the arterial wall disturbed the 
accuracy of the readings. We have tested the method on some cases of 
increased blood pressure and find the readings agree well with the ones 
calculated from the height of the column of blood. 


TABLE I. 7 
ie HE 
H. H. R. Horizontal 140 188 2 0 0 
Standing 136 204 68 80 6 89 
L. posture, legs up 122 76 40 40 ˙1 60 
Vertieal, head down 148 70 78 777 101* 
P. H. R. Horisontal 126 126 0 0 
Standing 14⁰ 204 ag 90 ˙1 xb 
L. posture, legs up 132 78 54 600 65 
Vertioal, head down 116 2 
LF, Horizontal = 106 106 ° 0 0 
Standing 165 66 58 75°4 
L. posture, legs up 115 88 80 ss “4 
Vertical, headdown 115 50 80 es 82 


"he arm was not in quite the same position in regard to the heart level as in the 
standing posture. had sunk headwards so that the column of blood separating the two 
points of measurement was longer. 25 
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The interesting fact has come out that the pressure in the cerebral 
arteries is kept about the same in all three postures, while it varies 
greatly in the leg. The vaso-moter mechanism and action of the 
respiratory pump is controlled by a nervous mechanism set to keep the 
cerebral vascular pressure constant in changes of posture. 


II. The venous pressure method. 


We place one armlet round the brachial artery, and another 
narrower one round the forearm of the same arm—each connected with 
a manometer. We find the obliteration pressure with the first armlet. 
Suppose it is 15 mm. Hg. We lower the pressure in this armlet to say. 
145 mm. Hg. so that the arterial blood can get through into the limb, 
but cannot get out of the veins of the limb until the pressure in the 
veins rises above 145 mm. Hg. Allowing time for the veins to fill, we 
then measure the pressure in one of the superficial veins and find that 
it does finally reach this pressure. We raise the pressure in the second 
armlet above 145 mm. Hg. and choosing a suitable slender vein above 
this armlet, by stroking empty it upwards past the next valve, then 
quickly lowering the pressure in the second armlet observe the pressure 
at the moment when the vein fills from below. One of us watches the 
vein and signals the moment of filling, the other reads the manometer. 
We repeat the observation several times. If we find the pressure in the 
vein reaches 145, we know that the obliteration pressure was correct 
within 5 mm. Hg. To carry out this method a vein must be chosen 
which does not fill from above or at any rate quickly. With such high 
pressures in the veins the valves leak, and this makes quick working 
necessary. In cases of high pressure it is necessary to give a rest 
between each test as the maintenance of the first armlet at a pressure 
close to the obliteration pressure is rather painful. 

From the above observations we conclude that the obliteration 
method of measuring the arterial pressure is correct to within 5 mm. Hg. 
even in cases where the arterial wall is * from patho- 
logical causes. 
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TABLE II. 


Pressure 


Obliteration in brachial 
pressure armlet Pressure measured in veins of forearm 


_ Selerosed arteries 156 150 148 
— 122 — 110 
Il 114 


‘Pipedike arteries 136 — 118 


fall of plaques 126 
Hard arteries MS 142 140 
Granular kidneys, 194 184 100 First reading 
thickened 110 Second „ 
tortuous arteries 140 Third „ 
180 Final reading after waiting for 
venous pressure to rise 


Phthisis tortuous (1) 106 100 40 First reading 


arteries 80 Second „ 
100 Final ,, 
. (2) 106 95. 86 First „ 
72 Second ,, 
92 Final 99 
% 10% First, 
60 Second 
92 Fourth „ 
102 Final, 
. 
method om severa! normal men. 
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The lipoids of the brain. Part I. Sphingomyelin, a Orro 
RosENHEIM and M. Curistine Tenn. 


Preliminary 


The method usually employed for the isolation of the lipoids of the 
brain consists in the extraction of the material with alcohol and ether. 
These solvents extract a very complex mixture of lipoids from which 
pure products can only be isolated with great difficulty. It occurred to 
one of us some time ago to employ for the isolation of brain-lipoids 
the method of selective extraction. By mixing minced brain with 
plaster of Paris and extracting the dry mass with suitable solvents, 
it was thought that it might be possible to remove only one group of 
lipoids at a time. The application of this principle has led so far to 
a method for the isolation of cholesterin“ by means of cold acetone, 
which leaves the other lipoids (cerebrosides and phosphatides) un- 
dissolved. By continuing the extraction with boiling acetone we obtained 
at once a snow-white microcrystalline substance, which was subsequently 
found identical in chemical and physical properties with so-called 
5 protagon.” A prolonged investigation of this substance as well as of 

“protagon ” prepared by all the other methods has, we hope, finally 
established the fact that “protagon” is a 3 en of 
cerebrosides and phosphatides“. 


10. Rosenheim. This Journal, XIV. p. 104. 1906. 

2 This Journal, xxxvi. p. 1, 1907; Proc. Physiol. Soc. January 25th, 1908 ; this 
Journal, xxxv1.; Quart. Journ. of Exp. Physiol. 1. p. 297, 1908. Although crude “‘ protagon ” 
is extracted from brain by means of hot acetone, it is found afterwards to dissolve only 
with difficulty in that solvent. Crude protagon shows an exactly similar behaviour 
towards ether, which was originally used by Liebreich as an alternative solvent for its 
preparation (see also Zuelzer, Kossel and Freytag, etc.). It has since been recognised 
that this somewhat paradoxical behaviour is a general characteristic of lipoid mixtures 
(see I. Bang, Biochemie der Zelllipoide, Ergebnisse der Physiol. 1907, also Bang and 
Forssman, Hofm. Beitr. vm. p. 288, 1906, etc.). ‘The charge of inconsistency which 
Wilson and Cramer repeat in their Criticism of recent work on Protagon” (Quart. 
Journ. of Exp. Physiol., u. p. 91, 1909) against us on this account suggests that these 
authors are unacquainted with the general behaviour of lipoids. In their polemical 
criticism they are content to repeat the slender and wholly unconvincing evidence on 
which their hypothetical “ decomposition theory” is based. They again, however, fail 
entirely to bring any direct chemical proof to show that their standard ‘‘ undecomposed ” 
protagon itself is not a mechanical mixture. In the absence of any such proof their 
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There is no serious difficulty in isolating from the mixture the phos- 
phorus-free constituents, which we propose in future to call (cerebro-) 
galactosides instead of cerebrosides. (Both these names have been used 
by Thudichum.) They consist mainly of Phrenosin which had been 
isolated and studied by Thudichum in 1874 and which has recently 
been re- discovered and called Cerebron by Thierfelder. Gamgee’s 
“ Pseudocerebrin” (1880) and Koch's “Cerebrin” are evidently 
identical with this substance, which is being studied in detail by 
Thierfelder. 

The phosphorus-rich constituents of “ protagon have so far, however, 
not received any attention by the workers on “ protagon,” probably owing 
to the great difficulty of completely freeing them from galactosides. 
Thudichum was the only observer who has isolated and studied the 
principal phosphatide of “protagon,” to which he gave the name 
“Sphingomyelin.” The method used by him (separation by means of a 
cadmium salt) has been shown recently, in other phosphatides’, to give 
rise to chemical changes. 

In view of the difficulties of isolating the phosphatides of “ protagon” 
in sufficient quantities for a thorough chemical investigation, we had a 
hundredweight of brain worked up by our method. We have found 
pyridine to be a selective solvent for the separation of sphingomyelin 
from the galactosides. We were led to this by the study of the 
phenomenon of “Spherorotation,”* which we discovered in pyridine 
solutions of “ protagon.” This phenomenon is due to the rotation of the 
plane of polarised light by suspended sphero-crystals which were found 
to be rich in phosphorus. This led us to study the effect of re- 
crystallisation from pyridine on the phosphorus percentage of “ protagon” 
and we found that im one crystallisation the phosphorus percentage was 
raised from 1°/, to 26°), 

In order to free this still impure phosphatide from phosphorus-free 
galactosides, it was found necessary to combine fractional precipitations 
by means of Acetone from :alcohol-chloroform solutions with the 
recrystallisations from pyridine. The process had to be continually 
controlled by phosphoras’ And nitrogen estimations and led finally to 
a uniform product. This Method has also been applied to protagon 
prepared by the usual methods and we * d of it for a full 
communication. 


1 Erlandsen. ‘Ztsch. f. physiol, Chemie, t1. p. 71. 1907. 

We are greatly indebted to Mesars Oppenheimer, Son and Co. for their kindness in 
carrying out its preparation on this large scale according to our directions. 

This Journal, xxxvit. p. 348, 1908. 
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That the sphingomyelin was free from galactosides was proved by 
the absence of a reducing sugar after hydrolysis, and by the negative 
reaction with concentrated sulphuric acid, with which galactosides give 
at once the characteristic purple reaction of Raspail (Pettenkofer). 
After the addition of sugar sphingomyelin, however, gives at once 
this reaction. 

As a test for its uniformity we employed fractional crystallisation 
from various solvents. 

Complete elementary analyses of the pure substance were made. 
Sphingomyelin contains 4°/, phosphorus and it was found that the 
ratio P:N is 1:2; the substance is therefore characterised as a 
di-amino-monophosphatide. Our analytical results differ somewhat 
from Thudichum’s, a fact which might easily be explained if we 
consider that he isolated his substance from the cadmium salt, a method 
which is open to objections. Sphingomyelin is a white crystalline non- 
hygroscopic substance which does not undergo auto-oxidation. We 
have kept a sample exposed to light in dry air for three months 
without noting an increase in weight. The general properties of the 
substance agree with those given by Thudichum and we propose 
therefore to retain the name Sphingomyelin introduced by him. 

Sphingomyelin exhibits in a marked degree the phenomenon of 
Spherorotation. The substances which we described previously showed 
only lævo-spherorotation. We have since been able to obtain samples 
of sphingomyelin showing markedly dextro-spherorotation, although 
the conditions for this difference are not yet fully ascertained. Both 
modifications possess the same chemical composition and are dextro- 
rotatory in true solution. 

We are at present engaged with the study of its hydrolytic cleavage 
products. Preliminary experiments show that it resembles lecithin 
in so far that it yields choline and fatty acids with ease on hydrolysis, 
but is sharply differentiated from lecithin by the absence of glycerine. 
On partial hydrolysis it furnishes a substance which has some re- 
semblance to the simplest nucleic acids, and on complete hydrolysis 
this latter yields, besides phosphoric oe 
alcohol 0. of a carbohydrate. 2 

Special interest is attached to sphingomyelin as it sail the 
first crystallised phosphatide (in distinction from the waxy lecithin) 
which has been isolated from brain by methods excluding the possibility 
of chemical decomposition. 
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on the Hpoids of the adrenals. 6 
M. Cuntsrove Tran 


¶ Preliminary Communication.) 


A characteristic feature of the cortex of the normal adrenal, which 
has for a long while attracted the attention of histologists, is the presence 
of globules which in ordinary light resemble fat. They are, however, 
clearly distinguished from fat by being strongly anisotropic. An inter- 
esting relationship between this doubly-refractive substance and fat has 
been found by the observations of Elliot and Tuckett'. They state 
that the dowbly-refractive substance increases with rest, when the fat 
becomes less abundant. In phases of “exhaustion” it vanishes and 
the fat spreads all over the cortex. Owing to the absence of any 
definite knowledge about the function of the adrenal cortex, it seemed 
to us to be of interest to investigate the chemical nature of these 
anisotropic globules. 

Several attempts have already been 8 to identify this substance 
chemically. It has been suggested that it is lecithin or jecorin. 
Orgler“ described the substance as being of a protagon-like nature. 
Adami and Aschoff* were the first to point out that these anisotropic 
globules are present in that peouliar state of matter which O. Lehmann 
has desiguated the “fluid crystalline” condition. Their assumption 
that they were composed of cholin oleate was criticised by Powell 
White‘, who suggested the presence of combinations of cholesterin 
with lecithin, fatty acids or alcohols“. 

In a preliminary investigation we were able to obtain from adrenals 
a white crystalline substance which seemed to correspond in all its 
properties with*Sphingémyelin,:the principal phosphatide of so-called 
“protagon.” It showed do a marked degree the phenomenon of 
Spherorotation, Which so far we have observed in no other substance. 
It crystallised from certain sol¥ents in the typical anisotropic sphero- 


1 This Journal, xxiry. p. 38. 1906. 

* Salkowski’s Festschrift, Berlin, p. 285. 1004. 

* Proc. Roy. Soc. B. ixxvnr. p. 859. 1006; see also J. G. Adami, The Harvey Lectures, 
New York, 1908. 

* Medical Chronicle, Manchester, March. 1908. 

Journ. of Pathology and Bacteriology, XIII. p. 11. 1908. 

See microphotograph, thig Journal, xxxvu. p. 852. 1908. 
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In order to study the chemical and physical properties of this and 
other lipoids of the adrenal cortex more thoroughly, we have subjected 
a large quantity (25 kilogrammes) of adrenals to the same process of 
selective extraction which has already given us satisfactory results in the 
study of the brain lipoids (see préceding communication). Instead of 
mixing the material with plaster of Paris, it was freed from water 
in a vacuum at 35°C. 

(a) Cold acetone. Cold acetone extractions furnished large quan- 
tities of a crystallised substance which was found to consist chiefly of 
stearic acid admixed with a small quantity of cholesterin esters. The 
latter have not yet been definitely identified, but they bear a great 
analogy to the mixture of cholesterin esters of unsaturated fatty acids 
which Panzer’ has isolated from the large white” kidney. From the 
mother liquids of these cold acetone extracts we have isolated free 
palmitic acid and an unsaturated fatty acid, besides fat. 

(6) Hot acetone. The hot acetone extracts yielded a smaller 
amount of crystallised material from which cholesterin stearate and 
cholesterin palmitate have been isolated in a pure condition. 

Further, we obtained the phosphatide sphingomyelin, and the 
phosphorus-free galactoside phrenosin ; this latter was further identified 
by a polarimetric estimation of the galactose which it yielded on 
hydrolysis. 

Special attention was paid to the question of the presence of free 
cholesterin. The method of extraction used admits of the detection 
and isolation of cholesterin with ease. We were unable however to 
find any free cholesterin in the material worked up so far. | 

Windaus“ has recently suggested the use of “digitonin” for 
the detection of free cholesterin. This saponin forms a very insoluble 
compound with free cholesterin but not with its esters, an observation 
which we can fully confirm. As the compound has no definite melting 
point, we estimated its specific rotation in pyridine, a constant which 
can be used for its identification. Even by the use of Windaus's 
delicate test we were unable to fifid any free cholesterin in the 
crystalline products obtained from cold or. ‘bot acetone extractions of 
adrenals. 

While therefore our results do not strictly bear out Powell White’ 8 
suggestion that the anisotropic substances of the adrenal cortex are 
mixtures of free cholesterin and fatty acid, they are in accord with 


1 teck. f. physiol. Chemie, XVII. p. 519. 1906, 
® Ber. d. d. chem. Ges. XLII. p. 288. 1909. 
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another observation made by him (loc. cit.) ; he states that pure cholesterin 
esters do not give rise to anisotropic globules but do so readily in the 
presence of fatty acid. 

The presence in adrenals of cholesterin in the form of its palmitic 
and stearic esters is remarkable since it has been shown to exist only in 
the free state in brain! and other organs“. 

The relatively large quantity of free fatty acid found is suggestive. 
It has been shown by Takaki* that phrenosin and the fatty acid 
(neurostearic acid of Thudichum) obtainable from it are able to 
neutralise large quantities of tetanus toxin. We intend to study the 
behaviour of the fatty acids isolated from adrenals towards various 
toxins, in view of the opinion which has found many supporters, that 
one of the functions of the adrenal cortex is the neutralisation of toxins. 

The conclusions we draw from our investigation up to the present 
are that the anisotropic substances of the adrenal cortex consist of 
a mixture of free stearic and other fatty acids with cholesterin esters, 
as well as of sphingomyelin to a less extent. 


Bünz, Ztschr. J. physiol. Chemie, XII. p. 47. 1905; C. Tebb, this Journal, xxxrv. 
p. 106. 1906. 


Craven Moore, Med. Chron., Manchester, XI VII. p. 204. 1907. 
5 Hofmeister’s Beitr. x1. p. 288. 1908. 
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The influence of hot baths on pulse frequency, blood 
pressure, body temperature, breathing volume and alveolar 
tensions of man. By Leonarp HIL and Martin FLACK. 


The following results show that immersion up to the neck in a hot 
bath (110—+ 105° F.) raises the mouth, axilla and rectal temperature up 
to 102°5—104'6° F. in 15—30 minutes. This rise of temperature is 
accompanied by greatly increased pulse frequency (up to 160), and 
lowered blood pressure (down to 60), and loss of the mechanism which 
compensates for the influence of gravity on the circulation, as 
evidenced by the great difference in pulse frequency in the standing and 
horizontal postures (up to 56 beats difference), fall of blood pressure 
and faintness in the standing posture. 

The rise of body temperature is also accompanied in every case but 
one by greatly increased breathing frequency and volume (even up to 
50 litres'), accompanied by a notable fall in CO, tension (down to 3°07) 
and corresponding rise in O, tension of the alveolar air. The normal 
regulation of the breathing by the CO, tension is disturbed to that 
extent by the effect of the heat on the respiratory centre. Partial 
exposure of the body at once lessens this disturbance. 

Owing to the washing out effect of, and “increased oxygenation 
produced by this heat dyspnea, a student is able to hold his breath 
after a hot bath 2} times as long as normally. A cold shower constricts 
the skin and lowers the axillary and mouth temperatures to normal or 
subnormal, but not the rectal temperature, it lowers the pulse frequency, 
increases its fulness, raises the blood pressure and stops the faintness. 
The breathing volume and alveolar tensions return to normal after the 
shower. 


1 The very slight resistance of the 
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The frequency of the heart-beat and the form of the 
electrocardiogram in birds. By F. BucHANAN. 


(Preliminary Communication.) 


I have ascertained the frequency of the heart-beat in a goldfinch, 
2 greenfinches, 4 sparrows, 3 pigeons and 3 hens by the same method 
as I employed for ascertaining that of the mouse (Proc. Physiol. Soc. 
Nov. 21, 1908). The legs of the bird were led off by means of 
bandages soaked in saline to the one terminal of the capillary 
electrometer ; the mouth was led off to the other, the bird assisting by 
holding a piece of soaked cotton with its beak. 

By recording the movements of the heart in a hen which hap- 
pened to have a split sternum, Dr James Mackenzie had previously 
ascertained the frequency in a hen and had enabled me to see part 
of his very beautiful tracing showing it to have been 270 a minute. 
In the three hens which I used it was somewhat higher than this (see 
Table), and whereas with the four other kinds of bird the frequency 
varied, as had been expected, inversely with the size, it was in all the 
hens a good deal higher than in any of the pigeons, This fact 
suggested that the heart would be found to be smaller in proportion to 
the body weight than in the other birds used, and this indeed turned 
out to be very markedly the case, whether the feathers are included in 
the weight of the bird or not. The ratio of heart weight to body 
weight (feathers included) was determined for two of the sparrows, 


two of the pigeons and one of the hens and the values are given in the 


table. The percen to the weight of the body without feathers was 
1-42 in pigeon in hen A, 
Mr G. C?Be@ugias has kindly determined for me the CO, output 
and O, intake of one of the ‘hens (a very old one) and of one of the 
pigeons in the Haldatie respiration apparatus. His results agree with 
thos obtained y Rich et for the pigeon, but give much lower values 
fk hen than were obtained» by Regnault and Reiset and by 
fet in apparently less aged héns, de. of about half the weight. He 
has also determined the respiratory exchange of one of the sparrows and 
one of the gaseifinches.in closed jars of 6 and 10°7 litres (respectively) 
capacity. 39 he obtained, reduced to standard temperature 
and presstife, are given for each of the four birds in the last two 
columns of the table: The values obtained for birds of the same species 
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by other observers are given within square brackets. They are taken 
from Schäfer's Teat Book of Physiology, I. p. 706, and represent the 
mean when more than one determination is given there. 


Heart Respiratory exchange 
Weight t in N 
(is weigh (in grammes per kilo. per hour) 


) ofbody-wt per min. records 00 
[12°6 (Richet)] 
Dec. 17 — 914 4 
Dec. 18 — — 925 2 — ass 
11°5 11°38 
Greenſinch [ (Regnault & Reiset) 
A. Jan. 14 27°2 — 768 6 — — 
Jan. 15 (after flying about the room) 848 8 — om 
Jan, 18 27°0 — — — 117 8°85 
B. Jan. 14 249 — 703 6 — — 
10°5 9°6 
A. Jan. 29 26°6 — 840 10 — N — 
Feb. 7 — — — — 12˙2 79 
B. Jan. 8 25°8 141 780 7 — — 
C. Jan. 22 23°4 — 745 6 — 
D. Jan. 21 21-0 1:32 850 4 — — 
Pigeon 24 (Corin & v. 
A. Nov. 17 370 — 141 4 — 
B. Dec. 21 240 — 192 13 — — 
Jan. 1 287 — 180 10 — . 
Jan. 30 803 — — — 3-4 32 
Feb. 4 300 1°68 187 6 — — K 
O. Mar. 5 297 1°38 225 10 — 
16. 1 
Hen 17 (Richet) 
A. Feb. 26 3120 0°44 304 10 — — 
Feb. 27 — — — — 09 0-81 
B. Jan. 21 2120 — 890 
C. Mar. 4 1920 — 


845 6 af 


It will be seen that the pulse 8 varies directly with fod 
roughly in proportion to, the CO, output per kilo. per hour in the three 
small birds and in the pigeon. If eg. we chose for comparison sparrow B 
and pigeon C, which have nearly the same relative heart weight, we find 


780 117 
that the ratio of 225 is that of => 34° . 
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We also see that of two sparrows, the one with the smaller relative 
heart weight has the higher pulse frequency, and the same is true of two 


pigeons, the inverse ratio being fairly close in both cases, . being 
132 
d 225 PS 105 


The hen therefore which, in virtue of its lower metabolism, might 
be expected to have a slower pulse than the pigeon, might in virtue 
of its so much smaller relative heart weight be expected to have a 
quicker one. The ratio of the metabolism in the particular hen employed 
to that of the pigeon is so nearly parallel to that of the relative 
heart weights in the two birds, that if we are to keep to particular 
instances we should have to seek for some further factor to account for 
the quicker pulse of the hen. But if we take the value obtained by 
Regnault and Reiset for other hens of the CO, production per 
kilo. per hour as being applicable to hens in general and therefore 
to hen A in an earlier part of its life, we might from a comparison 
of nothing but the metabolism in the two kinds of bird, expect a 


15 * 


3˙4 
But taking also the ratio of heart weight to body weight into considera- 
tion (and assuming that this would have been about the same in 


pulse frequency of something like 80 per min. in a hen ( 


' younger hens as it was found to be in the old one) we would be led to 


expect a frequency of something like 296 per min. (> 0 a) 


which does not fall far short of the actual frequency. In order to find 


out whether the assumption just made was justified I procured some 
hearts of hens and pigeons from a poulterer and found that the average 
weight of the six eus hearts given me at random was 48 / of the 
absolute weight tof. the heart of ben A, whereas each of the three 
pigeons’ hearts so Obtained weighed almost precisely the same amount 
as that of pigeon @, and 90°/, of the mean of those of pigeons 

1 and 2 ate ietords obtained from the goldfinch and from 
B. They are t be read from right to left, and show, what 
seems to be characteristic of birds as opposed to mammals, that the 
(galvauometj ene produced by whatever it is that creates the 
field for erior part of the body, including the legs, overpowers 
any other; 46 Aithougd when the mouth is to the acid and the legs to 
the meteury, she ‘earicular effect when perceptible is always, as in 
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Fig. | 


Fig. 1. Goldfinch. Fig. 2. Pigeon. 


Photographic records obtained when the beak was led off to the acid and the legs to the 
mercury of a quick capillary electrometer. In each case precisely two seconds’ worth 
of the effect is shown, the rate at which the plate was travelling being determined 
from the tracing ade by a tuning fork giving 100 d.v. per sec. Every tenth vibra- 
tion in this tracing has been specially marked. 

In Fig. 2 lines have been drawn up to the fork tracing from the beginning of each 
auricular, and from the beginning of each ventricular effect. These are marked 


mammals, an adostial movement of the meniscus, the ventricular effect 
(occurring 0'05—0°06 sec. later in the pigeon) is always a strong abostial 
movement (indicating a P. Dp. of 0001—0 002 volt) which gradually 
subsides (in 0°06—0'07 sec. in the pigeon). This fact, taken together 
with the much more pronounced difference between the amount of 
muscle in the walls of the two ventricles in birds than in mammals, 
and especially with the absence of papillary muscles in the R. ventricle 
of birds, seems to me to favour the view suggested by the experiments 
of Nicolai and Rehfisch (Physiol. Zentralbl. XXII. p. 57, 1908) that 
what is observed in the ventricular part of the electrocardiogram of an 
intact mammal is rather the relative difference of potential between the 
walls of the two ventricles than that between hase and apex, except in 
so far as the apex is part of the left ventricle only. . 
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Since, if we only knew definitely what the two (or possibly more) 
things are producing the effects which when algebraically summed give 
the record obtained from a living person, the electrocardiogram might 
come to be of great clinical value, it seemed to me to be worth while 
to test this view by seeing whether the electrocardiogram could be 
also obtained from intact animals when they phylogenetically (a), or 
ontogenetically (6), are without a ventricular septum. 

(a) From the frog, leading off from mouth and cloaca, I have been 
able to obtain nothing but a series of extremely minute effects recurring 
with the frequency of the heart-beat, no stronger than the effects due 
to the auricles of man or pigeon and not so strong as those due to the 
auricles of the dog. I take them therefore to be auricular effects only. 
With the tortoise the result was the same, save that, as I never got 
more than one such very minute effect on a plate I could not say what 
their frequency was. For such evidence to be conclusive it would 
of course be necessary to see whether, while getting no more than this 
from the lizard and the snake, a much stronger effect in addition could 
be obtained from the crocodile. : 

(6) Last summer I led off from different regions of the embryo 
chick before and after the fifth day. Living sixth and seventh day 
embryos I was unfortunately unable to get, but from 8, 10, and 12 day 
old embryos I obtained, after removal of the amnion (which, if left, 
produced electrical effects of its own which overpowered all others), 
a series of well marked effects recurring with the frequency of the 
heart-beat and each looking like that of a ventricular systole lasting 

f about 0°35 sec. Not the slightest movement of the meniscus was 
“y Midicated on my records taken with a four days’ embryo with actively 

beating heart, but the experiment needs to be repeated with a more 
sensitive tube of with the string galvanometer. 


Tube experities of the work have been defrayed out of the Government 
Great administered by Royal Society. 
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Note on the chemical nature of albinism. By G. P. Modan. 


Cuénot suggested that the pigmentation of mammalian hairs 
(mice) is probably due to the interaction of a chromogen and a 
ferment. Miss Durham has subsequently shown that from the skins 
of young mammals (mice, guinea-pigs and rats) there can be extracted 
in water a material which when incubated with tyrosin, to which 
a small quantity of ferrous sulphate is added to act as an activator, 
throws down a pigmentary substance. This pigment will possess the 
colour of that present in the hairs of the skin from which the 
extracted material is obtained. Breeding experiments show that 
albinoes carry a pigment factor of some kind. Cuénot has therefore 
suggested that albinoes are colourless because their skins lack one 
of the two factors (either the chromogen or the ferment) which are 
necessary for colour formation. Miss Durham’s results indicate that 
the hair or skin of pigmented animals contains a ferment (tyrosinase 7) 
which, acting upon tyrosin, produces a pigment. The skin of albinoes, 

on the other hand, gives negative results. We may therefore tenta- 
pron infer that the albino lacks the ferment = carries a 
chromogen. 

If fermentation is a process of oxidation or reduction, and if an 
albino does carry a chromogenous body which only needs the intluence 
of an oxidizing or reducing ferment to cause it to produce pigment, 
then we should expect that if we can react upon an albino’s hairs with 
an oxidizing or a reducing substance, that it may be possible to 
produce colour in them. | 

In accordance with this conception, I treated albino rats by 
immersion in a solution of 10°/, formalin and 70%, ‘spirit in equal 
volumes. In a short time, the hairs became a vivid yellow. Nearly 
the whole pelage became thus coloured. There was some degree 
of variation with different rats. In a typical case, the whole pelage was 
coloured except the snout, the chin, the fore-arms, the metatarsals and 
the short hairs on the tail; the belly surface also is coloured, but 
is rather lighter than the rest of the body. In come instances, the 
belly surface is as deeply coloured as elsewhere. 

Young rats (10 days to 3 weeks) become dane more or less 
irregularly, leaving zones of white here and there and the belly surface 


is not coloured. pe * 
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If when an albino rat has been thus turned yellow by the action of 
formalin, it be thoroughly washed in water and then treated by 
immersion in H,O, (20 vols.), in about 24 hours or so the yellow colour 
is converted into one of a brownish tint. 

If an albino rat is first treated by immersion in H,O, (20 vols.) for 
two days, and then is washed in water and immersed in the formalin 
solution, no yellow colour is produced. 

If a piebald black-white rat is immersed in the formalin solution, its 
white sides turn faintly yellow, but the vivid tint of the albino is 
not produced. 

Examined microscopically the hairs show that the colour is developed 
in the whole of the keratin material. 

That this colouration is due to the presence of a specific body, 
diffused through the keratin, and not to mere reaction between the 
keratin and the formalin, is suggested by the following observations : 
The small hairs on the tail in some cases, the claws on the toes, and the 
hairs in some other regions of the body (already described) remain un- 
coloured, Moreover, in young rats, where the hairs are already developed, 
the colouration produced is more or less irregular, indicating that the 
colour-producing body is not yet fully developed. In addition, the 
treatment of the hairs by H, O, results in the non-production of the 

ellow colour when subsequently treated by the formalin solution. 
There is no reason to believe that keratin as such is altered by H, O, 
It is possible too that prolonged immersion in spirit extracts the 
chromogenous body, since albino rats which have been thus immersed 
for two or three years do not give the reaction. If albino skins (of rats) 
_ are boiled for two minutes and then treated with the formalin solution, 
no yellow colouration results, A piece of the same skin cut off before 
boiling, and used us à control, gives the yellow colouration. 

Albino rats when immersed in a solution of H,S give an indefinite 
reaction, but When subsequently washed and treated with formalin 

tion the Yellow coeur is not produced. The H,S like H, O, appears 
alter the body. 
tment of Abino rats skins with stannous chloride, either cold 
of either in water or in dilute spirit, has given a negative result, 
eve ‘though the immersion has been continued for two weeks. 
Mice (alpine god piebald), on the other hand, have so far given 
when with formalin solution. 
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Some considerations concerning the calcium content of the 
blood and the influence of small variations in its amount on the 
coagulation time. By B. J. CoLLInGwoop. 


It is commonly stated that ionised calcium is an essential precursor 
of a blood clot. The observations about to be recorded and the 
conclusions to which they lead are not in accord with this view. 


I. 

Calcium ions can exist in the blood only in the most minute amounts. 

Solutions of Na, HPO, were mixed with (a) calcium chloride, 
(b) calcium biphosphate, (c) tap water, the resultant mixtures having 
approximately the same alkalinity as the blood, and in the case of 
(a) and (b) approximately the same calcium content. 

The solutions were allowed to stand and then filtered. Some of the 
filtrate was tested for calcium by the oxalate method. The filtrates 
from (a) and (6) gave a faint cloud whereas (c) gave no cloud. To * 


remainder of the filtrates from (a) and (b) an equal bulk of — 560 


oxalic acid was added. Mixtures were allowed to stand and then 
filtered. Filtrates in both cases showed an excess of oxalic acid, 
clouding on the addition of calcium chloride. 

In the mixtures (a) (6) and (e), accordingly, less than 0006 / of | 
caloium was present in solution. 


II. 

appreciably prolong the coagulation time. 

The method adopted consisted in withdzesting: ‘blood from the 
finger into a capillary tube, mixing it with an equal bulk of the 
oxalic acid, placing the mixture in a diminutive test tube, allowing 
it to stand for five minutes, At the end of this time the fluid was 
drawn up into a capillary tube with a fine point and then expelled 
into the test tube. This procedure was repeated at intervals of half a 
minute until a clot blocked the fine point of the capillary tube. 


It was found that the removal by oxalic acid of 0:006°/, (0°003 / 
in mixture) of calcium from normal blood left a eas time 
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practically unchanged. Whereas the removal of the same amount 
from a blood which has already been partially decalcified more than 
doubled the coagulation time, The following data illustrate this fact. 


A. 
1. Blood+equal bulk of 1°/, NaCl—coagulation time 13 minutes. 
2. Blood + equal bulk of 560° oxalic time 12°5 


minutes. 
1, therefore, containing 0°003 % more calcium than 2. 


Erp. B. 


1. Blood T equal bulk 224 oxalic acid—coagulation time 13 


minutes. 
2. Blood+equal bulk 


minutes. 
1, therefore, containing 0003 / more calcium than 2. 


128 oxalic acid—coagulation time 31 


Conclusions. 


1. The alkalinity of the blood, regarded as free, renders it incapable 
of carrying more than a minute trace of calcium ions. Its calcium- 
carryiug power must mainly be produced by its protein constituents, 

Ather as an adsorption phenomenon or as a chemical combination. 
* „ 2. If only minute traces of calcium ions exist in the blood, Exp. A 


throws doubt on these ions being: essential to clotting. 

8. Normal blood contains à slight excess of calcium beyond that 
which is nee td produce a normal coagulation time, in spite 
2 the fact that the addition of a proportionately large amount of 

11 diminishes fime of clotting according to clinical observations. 

fi under normal blood conditions slight alterations 
en tontent.do not influence coagulation time may explain 
velinical experience that considerable doses of calcium may be 
necessary before an appreciable shortening of the coagulation time 
obeurs. If, however, the calcium content of the blood be deficient, the 
addition of a small dmount of calcium should produce a marked 
alteration (Exp. B) 
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The effect of curari and of some other bodies on the 
nicotine contraction of frog’s muscle. By J. N. LaxcLxr. 


(Preliminary Communication.) 


I have shown earlier that the local slow contraction and the quick 
conducted contraction set up in the neural region of frog’s muscle by 
nicotine 1 p.c. or less, are both prevented by curari. I have more 
recently made further experiments on various muscles chiefly on the 
sartorius, flexor carpi radialis and rectus abdominis, with regard to this 
action. In the following, I call the muscle substance which is primarily 
affected by nicotine the receptive substance, and the rest of the muscle 
the general muscle substance. 

The curari used was dissolved in Ringer's fluid. The salts 
contained in a 25 p.c. solution have no appreciable effect in half an 
hour upon the action of nicotine, so that the effect produced by 25 pic. 
or by a weaker solution of curari is due to curarine. A few 
confirmatory experiments have been made with curarine sulphate. 

The minimal percentage of nicotine causing contraction in the 
conditions of the experiments (graphic record, load 2 to 4 grams) is 
‘001 to 005 p.c. in the sartorius, about 0001 p.c. in the flexor carpi — 
radialis, and about 00001 p.c. in the rectus abdominis. 

In the curari experiments, the muscle was usually left in the 
curari solution for a quarter of an hour. A very small percentage 


of curari is sufficient to prevent the minimal percentage of nicotine 


from causing contraction. Thus in the sartorius it is less than ‘0001 p.c. 
A contraction can still be caused by a percentage of nicotine some- 
what above the minimal, this effect can in its turn be prevented by 
a slight increase in the percentage of curari, and so on up to about 
1 pe. nicotine. In other words the percentage of curari required 
to prevent the primary nicotine contraction yaries, directly as * 
percentage of nicotine up to 1 p.c. nicotine. 

The percentage of curari required to prevent 1 p. nicotine MR 
causing @ primary contraction is greater as the irritability of the muscle 
to nicotine is greater; it is about 001 p.c. in the sartorius, about 05 p.c, 
in the flexor carpi radialis, and about 25 p.c. in the rectus abdomini 

The facts support the view that both nicotine ane curari com 
chemically with the receptive substance. a 
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As I have shown earlier, nicotine 25 to 1 p.c., besides stimulating 
the receptive substance and causing contraction in the neural region, 
causes in the general muscle substance a primary contraction followed 
by a secondary slow contraction (rigor). When curari is applied to the 
sartorius or flexor carpi radialis in sufficient percentage to prevent 1 p.c. 
nicotine from causing a contraction, i.. to paralyse the receptive 
substance, a considerable further increase in the percentage of curari 
has little or no effect on the height of the contraction caused by 
25 to 1 p.. nicotine, From this I conclude that nicotine does not 
readily turn out curari from its combination with the receptive 
substance, and that curari in these percentages has little or no specific 
effect on the general muscle substance. The much longer duration 
of curari paralysis than of nicotine paralysis in the body shows that 
the curari compound is more stable than the nicotine compound’. 

There is however some evidence that curari is gradually turned out 
of its combination by nicotine. Thus if a curarised flexor carpi 
radialis muscle, which gives no immediate contraction with ‘1 p.c. 
nicotine is left 4—1 hour in the solution, a slow slight contraction 
occurs ; and if the m. rectus abdom. after being treated with 1 to 25 p. c. 
curari is placed in 1 p.c. nicotine, it shortens slowly and ee 
for an hour or more. 

Curari 5 p.c. to 1 p.c. tends to alter the general muscle 3 80 


that 5 to 1 p.c. nicotine causes a greater primary contraction than after 


simple paralysis of the receptive substance, this may be due to a 
Tuptufe of some of the muscle fibres. As the electrical irritability of 
“the muscle is darts decreased, the primary nicotine contraction also 
decreases. 

Tue effect produced by curari i increases with the time of immersion 
of the muscle in 

When curari is given after — the extent to which the 
| e contraction, is reduced varies inversely as the percentage of 
9 and the duration of its action; de. whilst curari paralyses 
the receptive substance and prevents tber stimulation by nicotine, it 

hot do away with ‘the changes in the general muscle substance 
y produéedsby nicotine. This distinction in the action of curari 


- after nicotine explains some at any rate of the results on the muscles of 


the fowl already described by myself, and by Edmunds and Roth. 
After the receptive * has been paralysed by curari, nicotine 


and fresh radicles formed. 
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5 to 1 p.. gives a relatively slight contraction in the flexor carpi 
radialis, indicating that the general muscle substance is less irritable in 
this muscle than in the rectus abdominis or sartorius. Nicotine 5 to 
1 p.c. gives less primary contraction if the receptive substance has been 
paralysed by nicotine than if it has been paralysed by curari; the 
difference is mainly at any rate due to the reduction of irritability in 
the neural region caused by the nicotine contruction. That the con- 
traction has an injurious effect on the muscle can be shown by placing 
a curarised and an uncurarised sartorius in 1 p.c. nicotine for a day. 

The effect of NaCl, KCl, CaCl,, and MgCl, on the nicotine stimula- 
tion has been tried on the sartorius, The results are such as would 
be expected from the known action of the salts on the electrical 
stimulation. 

Veratrine by its direct action on the general muscle substance 
produces similar effects to those produced by nicotine indirectly by 
way of the receptive substance, but the ‘spontaneous’ contractions 
continue much longer, are of a very varied character, and are often 
local. The tonic contraction caused by ‘01 p.c. veratrine in the sartorius 
is but little affected by paralysis of the receptive substance by nicotine, 
and brief action of Ol p.c. veratrine does not prevent the nicotine con- 
traction. The recovery of the normal form of contraction on repeated 
stimulation of a veratrinised muscle is probably due to a splitting off 
of the veratrine from the muscle molecule. The Munchi arrow poison 
(shown by Mines to be strophanthin) prevents both the contraction 
caused by 1 p.c. nicotine and that causéd by dilute veratrine. 

Nicotine causes tonic contraction in some of the muscles of the 
land tortoise and the lizard. ys 


~ 


Bote. on. the action of salts of unskturated fatty acids as 
hemolytic agents. By Moore, Faep. P. and 
LANCELOT HUTCHINSON. 


In papers by Moore and Rockwood, ond Moore and Parker 
published in 1897 and 1901, it has been shown that bile salts possess 
the power of dissolving both free fatty acids, soaps of these acids, 
lecithin and cholesterin at body temperatures. 

It was also shown that the solubility of the saturated fatty acids 
and soaps was much increased by the presénce in common solution 
of oleic acid or oleates which are unsaturated bodies, The presence 
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of lecithin was also shown to considerably increase the solubility 


of soaps and cholesterin. 


the corpuscles, completely laking in a concentration of 


Recent work on hemolysis and binding of 0 and on the 
action here of the loosely defined group known as lipolds, consisting of 
lecithides, cholesterols, and fats, and of sodium oleate as an anti-comple- 
ment, have given a new aspect to the question of these solubilities and 
have caused us to make certain experiments on the subject. 

It may be pointed out that all those substances not acting purely as 
solvents which have marked laking powers such as the members of the 
large group of the saponins and the bile salts are all unsaturated 
bodies with doubly linked carbon atoms. 

We have examined the sodium soaps of saturated and non-saturated 
fatty acids from this point of view, and have found that while sodium 
stearate and sodium palmitate are practically without laking power, the 
sodium salts of erucic, oleic and linoleic acids possess a most 
powerful laking effect. Also, sodium linoleate which has the greater 
number of doubly linked carbon atoms possesses the strongest action on 


8000’ 


emulsion of sheep's red blood corpuscles in saline within 45 minutes, 


M 
16,000 


concentration within 8 hours. 


Sodium oleate has also a powerful action, laking in the above 


concentration in somewhat less than double the time interval. 


Sodium erucate only partially lakes at these concentrations, and there 
15 no laking with the stearate and palmitate at 9— concentration. 


2000 


The serum of the animal possesses a marked protective action 
Bee i such laking effécts, preserving the corpuscles intact from 
twenty-fold the above concentrations. 
Experiments axs in progress as to whether sodium linoleate behaves 


> 


similarly to sodium oleate as an anti-complement. 
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Aerial communication between the cavities of the chest and 


the abdomen. By H. Kronecker. 


F. H. Bartlett connected (1903), in the Physiological Institute 
of Bern, the trachea of rabbits with a spirometer containing air at 
a pressure 20mm. Hg below the external air pressure, and observed 
the aortic pressure to fall as low as 46mm. Hg. The animals became 
dyspnœic, and at — 30 mm. were asphyxiated. 

R. Frumina observed dyspnea even when the negative pressure 
amounted only to 10 mm., cyanosis at — 20 mm. and death at — 30 mm. 
The same result was obtained when the pressure on the external 
surface of the body was kept lower than that in the lungs: a difference 
of 30 mm. Hg caused death in rabbits. In this case the abdomen 
became distended (tympanitis). 

This phenomenon was further studied by S. Katz, who found that 
rabbits tolerated an intrapulmonary pressure of ＋ 40 mm,, if the 
abdominal cavity were distended with air under the same pressure. If 
the air breathed be at a positive pressure which is still tolerated 
(20—30 mm.) it finds its way into the abdominal cavity. 

During the past winter, P. Rode, also under my guidance, has tried 
to make out how this mysterious communication is effected. He 
proved that the air is not forced through the alveolar walls into the 
pleural cavity, but takes the following course: the walls of the smaller 
bronchial tubes allow it to pass into the meshes of the loose connective 
tissue, with which they, the bronchi and trachea, are surrounded. 
Having thus escaped it enters into and distends a sort of tubular 
sheath that invests the esophagus down to the cardiac end. This 
cesophageal sheath can be injected with a solution of Prussian blue under 
a low pressure. The upper end of this sheath is at about the level 
of the sixth dorsal vertebra, where it is bound up firmly with the 
cesophagus, and where too the dorsal surface of the lower medial lobe of the 
right lung is adherent to the cesophagus. In a dead rabbit, in which 
the phrenic nerves had been previously divided, it was possible to see 
air under a pressure of +30mm. Hg from the lung lifting up the 
parietal layer of the peritoneum and with it the kidneys on to which 
it passes. Röntgen photographs taken from a living rabbit show the 


change in the position of the diaphragm on changing the pressure of 
the air and on excitation through its nerves. 
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An active principle of Apocynum Cannabinum. 
By P. P. LAmtAw. 


(Preliminary Note.) 


H. Finnemore isolated some crystalline substances from Apocynum 
Cannabinum and was kind enough to give me specimens for pharmaco- 
logical investigation. The most active of these he has named 
cynotoxine (Proceedings of Chemical Society, March 1909). This 
substance is a very potent drug which promises to be very interesting 
pharmacologically. Experiments up to the present show it to be 
a member of the digitalis series, It produces a marked slowing of the 
heart when the vagi are intact; and has also an action on cardiac 
muscle, increasing the systole to some extent. In lethal doses, in the 
frog the ventricle is firmly contracted; in the mammal the left 
ventricle is contracted and empty but not always hard. It produces 
a very marked rise of blood pressure from constriction of arterioles 
and also causes a contraction of plain muscle of the intestine, 
bladder etc. 

In large doses, over two milligrams, the central vagus stimulation is 


abolished or the action of the drug on the cardiac muscle overcomes 


the Mavence of the vagus. The blood pressure rises to about 


240 mm. of mercury and death results from heart failure. 
* Experiments are in progress to determine its piace in the digitalis 
‘series more 
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The water-soluble active principles of ergot. By G. Bann 
AND H. H. Date. 


About two years ago we called attention! to the fact that certain 
watery extracts of ergot possess a considerable physiological activity. 
Injected intravenously such extracts produce a considerable rise of 
arterial blood pressure, which cannot be attributed wholly to ergotoxine: 
for these extracts, unless injected in large quantities, do not, as a rule, 
produce the secondary abolition of the motor effects of sympathetic 
nerves, shown by us to be characteristic of ergotoxine. Moreover they 
retain almost all their activity on the blood pressure after treatment 
which removes what little ergotoxine they contain. 

Recently, while engaged in investigating the pressor principles 
produced by putrefaction* we were struck by the similarity between the 
action of extracts from putrid meat and that of the preparations of 
ergot under discussion. This suggested the investigation of the latter 
by the methods which had proved successful in the case of the former, 

Since one of the pressor substances produced by putrefaction was 
shown to be isoamylamine, we submitted an active watery extract of 
N to steam-distillation after making it alkaline. The distillate 

1 Biochemical Journal, u. p. 240. 1907. 
2 Barger and Walpole, This Journal, xxxvim. p. 848. 1909. 
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from 3 kilos of ergot, after suitable purification, finally yielded between 
2 and 3 centigrammes of a crystalline oxalate melting at 162°C. Acid 
isoamylamine-oxalate melts at 169°, and the identity was further made 
extremely probable by the similarity in crystalline form, and the 
quantitative agreement in pressor action of the two substances. The 
amount of the volatile base thus probably identified was, however, 
insufficient to account for more than a very small part of the pressor 
action of the extract, which, indeed, retained most of its activity after 
exhaustive steam distillation. 
We, therefore, further examined the ergot extract for the presence 
of p. hydroxyphenylethylamine, the most active of the pressor substances 
in putrid meat. By extraction from the neutralised extract with 
amylalcohol, and again from the latter with caustic soda, a solution was 
obtained containing practically the whole of the pressor substance. 
Further purification was effected by precipitation, in absolute alcoholic 
solution, with mercuric chloride. Excess of mercury being removed by 
sulphuretted hydrogen the filtrate yielded, to exhaustive extraction 
with ether, a powerfully active pressor base, soluble in water, giving an 
intense Millon reaction, and yielding a crystalline benzoyl-derivative 
which melted at 167°C.: mixed with an equal weight of synthetic 
dibenzoyl-p. hydroxyphenylethylamine (M. p. 170°) it melted at 168°5°. 
The benzoyl-derivative gave, on hydrolysis, a base, of which the 
physiological action corresponded closely to that of p. hydroxyphenyl- 
| ethylamine. The presence of this substance, the identification of which is 
thus complete, accounts for practically the whole of the pressor activity 
01 watery extracts of ergot, except for such as is due to traces of 
ergotoxine. The method of standardising such extracts by their effect 
on the blood pressure, which has been widely used and recommended, 
‘is therefore, practically an estimation of p. hydroxyphenylethylamine. 

The details of the action of p. hydroxyphenylethylamine have been 
examined, in another connexion, by one of us in conjunction with Drs 
Dixon and Taylor, and the results are in course of publication. It may 
here be mentioned that the action of this substance on the uterus, like 
that on the vascular system, simulates the action of sympathetic nerves. 

Its presence in ergot extracts, therefore, accounts, even in the absence 

of ergotoxine, for that action of ergot which is most familiar in 
therapeutics. 

There can be no doubt that the p. hydroxyphenylethylamine and the 
trace of isoamylamine are formed from tyrosine and leucine respectively : 
whether they are produced entirely by the ferments of the fungus itself 
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or in any degree by bacterial action daring the not sterile process of 
extraction, is a point on which we hope to procure evidence. In either 
case the notorious variability of the official liquid extract is readily 
intelligible. 


Blood coagulation and calcium ions. By B. J. CoLLINawoop. 


In a previous communication the writer brought forward some 
evidence against the dogma that calcium ions are essential to the 
clotting of blood. Further evidence in the same direction is afforded 
by the influence of secondary sodium phosphate (Na,HPO,) on (A) blood 
—" and on (B) calcium in solution. 


A, 


The addition to freshly drawn blood of an equal bulk of a 2% 
solution of Na,HPO, delays but does not inhibit clotting. In approxi- 
mately half an hour a firm clot appears (temp. 145 C.) It is thus 
evident that the addition to blood of this amount of sodium phosphate 
does not precipitate that portion of the calcium in the segs which is 
essential to clotting. 

B. 


An alkaline solution of calcium chloride was prepared containing 
5 CaCl, and 7 NaOH, thus approximating to the calcium content and 
alkalinity of the blood. To this solution was added an equal bulk of a 
2°/, solution of Na, HPO., and after a few minutes the solution was 
filtered. To the filtrate was added a solution of ammonium oxalate. 
This latter mixture showed no clouding either immediately, or after 
standing two hours. From this it appears that all the calcium, ionised 
or unionised, is removed from an alkaline solution of CaCl, by the 
addition of an equal bulk of 2% Na,HPO,. Were it true that the 
calcium in the blood was in simple solution, a similar precipitation 
should be expected in the blood. That such = not occur is shown 


by A. 


CONCLUSIONS. 


1. in some other way than i in of 
simple solution. 
2. Calcium ions are not essential to clotting. - 
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The time-relations of the tremor of muscle due to 
mechanical stimulation of cells of the spinal cord (frog). By 
D. Fa H 


It is very well known that in pithing the spinal cord of the frog, 
there is produced a tetanic condition of the muscles of the legs, 
“an extensor spasm.” 

I undertook to ascertain the time-relations of this incomplete 
tetanus or tremor which one would expect to be of the order of the 
voluntary tetanus as recorded in man. 

In some experiments the gastrocnemius separated up to the knee- 
joint was attached to the recording apparatus, in others the terminal 
phalanx of the mid-toe was fastened by fine wire to the same apparatus. 

The apparatus was either an ordinary myograph lever (15 c.m. long) 
to which the muscle or toe was fastened 1 c.m. from the fulcrum, or was 
the metal plate of a Marey tambour to which the toe was attached, the 
record in this case being made by a second, similar tambour in the 
usual way. 

The decapitated frog was firmly fixed vertically above the lever or 
plate, while a metal probe was slowly but steadily passed into the 
vertebral canal from above downwards. 

In this way by the use of a mechanical stimulus directly applied, 


done is exciting the cells of the cord and causing them to discharge at a 


entirely their own; one is impressing no rhythm on them as might 
_cofieeivably be the case if the cord were stimulated * a series of 
induction shock. 

As had been anticipated, the limb was thrown into complete tetanus 

t each insertion of the probe into the cord, but as the lever fell from 

ne smooth line so traced, an obvious tremor set in. The energy 
in this was relatively small, and the excursions of the lever 
correspondingly minute, but by aid of a lens the “teeth” on the tracing 
could be easily ebunted. 

The highest numbers per second are from 12 to 9, the lowest 6 to 3. 
As the energy diminished so did the average periodicity of the tremor, 
commencing at 12 per second it fell off to about half that number. 

This behaviour of the cells of the spinal.cord under mechanical 
stimulation (erpshing-pesecore) f is of the same order as that which they 
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exhibit when discharging “spontaneously” in strychnine poisoning’. 
In this case we found the rate fell continuously from about twelve to 
four per second, 

The time-relations of at least the initial (“ unfatigued”) stage of the 
tremor of muscle due to mechanical stimulation of the cells of the 
spinal cord are of the same order as those of the voluntary tetanus, a 


phenomenon admittedly related to the rhythm of discharges from -cells 
of the spinal cord. 


1 Harris and Moodie “On the non-uniformity in the rate of discharge of impulses 


from cells of the spinal cord poisoned with strychnine.” This Journ. Vol. xxx1v. p. 213. 
1906. 
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A Reversed Action During Anesthesia. By C. R. MarsHa tt. 


Several investigators have drawn attention to alterations in normal 
reactions occurring during ansesthesia. Fredericq’, for example, obtained 
an expiratory effect from stimulation of the central end of the vagus 
during deep chloral narcosis and an inspiratory effect when no anwsthetic 
was given. The present example also refers more particularly to the 
respiration. After injecting an effective dose of tutin or coriamyrtin 

into a normal animal the respirations increase greatly in frequency. If 
the injection is made into an animal anwsthetised with chloroform the 


frequency of the respirations is markedly diminished. The type of the 1 
respiration appears to be similar in the two cases. The other medullary 1 
centres are affected but do not show obvious reversal. Under normal 5 
conditions the frequency of the heart is much diminished by tutin or 1 
coriamyrtin; under chloroform anzsthesia it is scarcely affected. In a 1 
decerebrate animal the blood - pressure rises; in a chloroformed animal 
the blood-pressure is not appreciably influenced by these drugs. 8 
Ether is less powerful in inducing the changes. Respiratory reversal 5 

* occurs, but slight increase in the frequency of the heart and rise of be 
blood-presssure often follow the injection of the substances if ether is 15 
used as the anesthetic. 4 
The effect is probably to be associated with the depressant influence l g 

of chloroform, and to a less extent of ether on the medullary centres. 2 


1 Of. Lewandowsky, Arch. f. Physiol. p. 215. 1896. 
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The Action of Certain Convulsants. By C. R. MARsHALL. 


In a previous communication to the Society’ I described briefly 
the general action of tutin on rabbits. The predominant effect produced 
by this substance is epileptiform convulsions commencing in the head 
and having their origin in the brain. My experiments seem to show 
that the spinal cord is not affected. Even when the medulla is intact, 
the rest of the brain being removed, convulsions are produced with 
difficulty and are sluggish in character. With the pons intact, epilepti- 
form convulsions follow the administration of tutin. At first the limbs 
exhibit single twitches and these gradually pass into short tonic 
contractions with superposed clonus. This form of convulsion increases 
in length and after the development of a terminal clonus gradually 
passes into a condition resembling an epileptic state. Now a short 
tonic contraction ends in a well-marked and prolonged but gradually 
diminishing clonus, and this alternation of tonus and clonus continues 
without ceasing, These convulsions are very susceptible to the influence 
of anzsthetics. 

When the mid-brain is left intact similar convulsions are produced 
and they seem to be elicited somewhat more easily than when the brain 
is divided just in front of the pons; but it is difficult to be certain on 
this point. 

If one hemisphere is excised in an anzthetised animal convulsions 
are produced by tutin on the opposite side only. The concentration of 
chloroform or ether vapour necessary for anesthesia is apparently more 
than sufficient to prevent the tutin affecting the pontine nuclei. 

In the convulsions occurring in the rabbit the two fore and the 
two hind limbs always act in concert, and the two hind limbs act 
symmetrically. 

When the contractions of individual muscles are compared great 
irregularities are seen. One limb muscle often contracts independently 
of its fellows, or shows tonic contractions when similarly situated 
muscles exhibit clonus. This independent activity probably explains the 
irregularity of the clonic contractions frequently seen in tutin convulsions. 
In one experiment where antagonistic muscles were compared contraction 


1 Proc, Physiol. Soc. June 2nd, 1906. This Journal, xxxrv. 
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of one muscle was, in the earliest contractions, accompanied by relaxation 
of the opposing muscle. Later, when convulsions were established no 
inhibition was apparent. 

Coriamyrtin appears to act in exactly the same way as tutin. It is 
more toxic, but in minimal convulsant doses it is more transient in 
action, Both substances seem to act on the brain in the same manne: 
as absinthe and picrotoxin. 


On the mode of action of substances which temporarily 
abolish the respiration. By C. R. MARSUALL. 


During an investigation on the action of certain tropeines it was 
noted that one of them protocatechyl-tropeine - frequently paralysed 
the respiration. When the matter was further investigated it was found 
that in appropriate doses temporary cessation of the respiration could 
be produced. This usually occurred after the intravenous injection of 
0-01 g., and frequently of 0005 g., to an angsthetised rabbit or cat. 
Sometimes after injecting 0°01 g. the respiration did not recommence 
but in these cases it was quickly re-established by artificial respiration. 
After larger doses the respiration did not restart spontaneously (except 
in one experiment in which the uncut sciatic or crural nerve was being 
stimulated when it restarted and continued for a brief interval) but a 
few short periods of artificial respiration re-established it. The respira- 
tion stops in the expiratory phase. Complete cessation usually occurred 
in about 10 secs. from the commencement of the injection and lasted 


from 4 to 20 sees. according to the dose. Occasionally the tracing 


showed a slight undulating line suggesting that the respiration was not 
completely paralysed. 

A similar action has been described by Tappeiner’ as resulting 
from the intravenous injection of methyl-phenyl-isoxazol-methochlo- 
ride, diphenyl-methyl-pyrazol-methochloride, dimethyl-phenyl-pyrazol- 
methochloride, and tetramethyl-ammonium-chloride; and by Pohl? 
after the intravenous injection of papaverin-methochloride, papaveraldin- 


methochloride, and papavarinol-methochloride. The effect was not 


produced in any case by hypodermic injection. This is true also for 


* Arch. f, exp. Path, u. Pharmak, XXVII. p. 325. 
_* Arch. Internat. de Pharmacod. xm. p. 479. 
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Tappeiner found that cocainisation of the nasal mucous membrane 
prevented the action of methyl-phenyl-isoxazol-methochloride on the 
respiration whereas the intravenous injection of cocaine had relatively 
little effect. He therefore concluded that the action of these substances 
was a stimulating one on the terminations of the trigeminal nerve; that 
the effect in other words was a Kratschmer-Hering reflex. Iodlbauer’, 
working in Tappeiner’s laboratory with tetramethyl-ammonium 
chloride, came to the same conclusion. Polil, on the other hand, found 
that the temporary cessation of the respiration caused by papaveraldin- 
metho-chloride and tetramethyl-ammonium chloride still occurred after 
division of the ophthalmic division of the fifth nerves and he concluded 
that the action was a central one. This view appears to be correct. 
After excision of the brain above the pons and division of both fifth cranial 
nerves the characteristic stoppage of the respiration was produced by 
protocatechyl-tropeine; and both this substance and tetramethyl-am- 
monium chloride cause the effect in cats, animals which do not show the 
typical Kratschmer-Hering reflex. 

The effect is not peripheral, nor is it due to circulatory disturbance. 
In doses which paralyse the respiration all the substances diminish the 
frequency of the heart; but this effect is independent of the respiratory 
action. It is not synchronous with this action and it varies both 
in degree and in cause in the different substances. The slowing of the 
heart is accompanied by a rise of blood-pressure in some cases and by a 
fall in others. Some of the substances depress the neuro-muscular 
junction of striped muscle, but this effect, in the case of protocatechyl- 
tropeine at least, is simultaneous with the circulatory and not with the 
respiratory action. Moreover the papaverin bases investigated by Poh! — 
do not appear to have this action. Section of both phrenics does not 
affect the respiratory action of protocatechyl-tropeine. Section of both 
vagi makes the respiratory effect more easily elicited both by proto- 
catechyl-tropeine and by tetramethyl-ammonium chloride. 

It is interesting to note that all the substances previously 
investigated are quaternary compounds. The corresponding tertiary 
compounds did not, where tried, produce this peculiar respiratory effect. 
Protocatechyl-tropeine, however, is a tertiary base. 


Arch. Internat, de Pharmacod, vn. 183. 
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Ixxxvi PROCEEDINGS OF THE PHYSIOLOGICAL 


A Soratch-Refiex in Guinea-Pigs after removal of Parts of 
the Cerebral Cortex. By T. Granam Brown. | 


(Preliminary Communtoation.) 


If the cortex cerebri of the guinea-pig be partly removed on one side 


the animal shews from the first very little deviation from the normal as 


previous observers have noticed, and the slight evidences of weakness 
of the voluntary movements of the opposite side of the body disappear 
soon. 
In such an animal there are, however, two reactions which are not 
present as a rule in the ordinary guinea-pig. 
Ik the skin on the opposite side of the body be stimulated 
mechanically at a point in an area lying behind the scapula, the hind 
limb of that side is strongly extended, the back is bent, and the fore 
limb is also extended so that the animal raises itself in an arch from the 
ground. This reaction has been present in all the animals operated on. 
If, however, the corresponding area on the same side of the body as 
the lesion be stimulated in the same manner this extension is not 


obtained. The hind limb of that side is brought up, with a sharp 


seratehing movement to the point stimulated. The area may be very 
sensitive, touching the hair alone may be sufficient to evoke the scratch. 
Usually only one or two beats can be obtained, but in one instance as 
many as twenty beats were obtained by stimulating at the same time a 
large area of the skin. This reaction has usually been present, but with 


different degrees of intensity. 


Both these reactions may be present after section of one cerebral 
peduncle, Neither was present in one case after median longitudinal 


section between the two cerebral hemispheres. 


The expenses of this research have been defrayed by a grant from the Carnegie Trust. 
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The “ Anaesthetic Scratch” in Guinea-Pigs. By T. GRAHAM 
Brown. 


Communication.) 


A certain proportion of 8 when under the influence of 
ether exhibit peculiar scratching movements which alternate from one 
hind limb to the other rhythmically. These movements may persist for 
many minutes. The first movement in a series is usually tonic in 
character, the hind limb of one side being drawn up slowly towards the 
scapula of the same side. When the movement again occurs in this 
hind limb it may still be tonic, but the next alternation shews, as a rule, 
a series of small scratching movements. These are usually four or five in 
number. If the depth of anaesthesia be decreased or increased the 
movements diminish in extent and finally disappear. 

In some cases the movements may be caused by a peripheral or 
central stimulus. Active interference with the respiration may bring 
on an attack. But in other cases they appear to come on when there i is 
no apparent stimulus or interference with the fespiration. 


The expenses of this recearch have bees dettaged the rust. 
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